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Chapter 1

Telecommunication

A Gower telephone, at the Musée des Aris ef Mégiers in Paris

Telecommunication is the ransmission of information, over significant distances, for the
purpose of communication. In earlier times, telecommunications involved the use of
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visual signals, such as beacons, smoke, semaphore telegraphs, signal fla gs, and o ptical
heliographs, or audio messages via coded drumbeats, lung-blown horns, or sent by loud
whistles, for example. In the modern age of electricity and electronics,
telecommunications now also includes the use of electrical devices such as telegraphs,
telephones, and teletypes, the use of radio and microwave communications, as well as
fiber optics and their associated electronics, plus the use of the orbiting satellites and the
Internet.

The first breakthrough into modern elecirical telecommunications came with the push to
fully develop the telegraph starting in the 1830s. The use of these electrical means of
communications exploded into use on all of the continents of the world during the 19th
cenmry, and these also connected the continents via cables on the floors of the ocean. The
use of the first three popular systems of electrical telecommunications, the telegraph,
telephone and teletype, all required the use of conducting metal wires.

A revelution in wireless telecommunications began in the first decade of the 20th
century, with Guglielmo Marconi winning the Nobel Prize in Physics in 1909 for his
pioneering developments in wireless radio communications. Other highly notable
pioneering inventors and developers in the field of elecrical and elec ronie
telecommunications include Charles Wheatstone and Samuel Morse (tele graph),
Alexander Graham Bell {telephone), Nikola Tesla, Bdwin Armstrong, and Lee de Forest
{radio}, as well as John Logie Baird and Philo Farnsworth {television] .

Telecommunications play an important role in the world economy and the worldwide
telecommunication industry's revenue was estimated to be 53,85 trillion in 2008, The
service revenue of the global felecommunications industry was estimated to be 51.7
trillion in 2008, and is expected to touch $2.7 trillion by 2013

History
Ancient systems

Greek hydraulic semaphore systems were used as early as the 4th century BCE. The
hydraulic semaphores, which worked with water filled vessels and visual signals,
functioned as optical telegraphs. However, they could only utilize a very limited range of
pre-determined messages and as with all such optical telegraphs could only be deployed
during good visibility conditions.

During the Middle A ges, chains of beacons were commonly used on hilltops as a means
of relaving a signal. Beacon ¢ hains suffered the drawback that they could only pass a
single bit of information, se the meaning of the message such as "the enemy has been
sighted” had fo be agresd upon in advance. One notable instance of their use was during
the Spanish Armada, when a beacon chain relayed a signal from Plymouth to London that
signaled the arrival of the Spanish warships.
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Systems since the Middle Ages

—

A replica of one of Chappe'’s semaphore towers in Malbach

In 1792, Claude Chappe, a French engineer, built the first fixed visual telegraphy system
{or semaphore line) between Lille and Paris. However semaphore systems suffered from
the need for skilled operators and the expensive towers at infervals of ten to thiry
kilometers (six to twenty miles). As a result of competition from the electrical telegraph,
BEurope's last commercial semaphore line in Sweden was abandoned in 1880,
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The telegraph and telephone

The first commercial electrical telegraph was constructed by Sir Charles Wheatstone and
Sir William Fothergill Cooke, and its use began on April 9, 1839, Both Wheatstone and
Cooke viewed their device as "an improvement to the [already-existing, so-called]
electromagnetic telegraph” not as a new device.

The businessman Samuel F.B. Morse and the physicist Joseph Henry of the United States
developed their own, simpler version of the electrical telegraph, independently. Morse
successtully demonstrated this system on September 2, 1837, Morse's most importait
technical contribution to this telegraph was the rather simple and highly efficient Morse
Code, which was an important advance over Wheatstone's complicated and significantly
more expensive telegraph system. The communications efficiency of the Morse Code
antici pated that of the Huffman code in digital communications by over 100 years, but
Morse and his associate Alfred Vail developed the code purely empirically, unlike
Hutfman, who gave a detailed theoretical explanation of how his method worked.

The first permanent transatlantic tele graph cable was successfully completed on 27 July
1866, allowing transatlantic electrical communication for the first ime. An earlier
transatlantic cable had operated for a few months in 1859, and among other things, it
carried messages of greeting back and forth between President James Buchanan of the
United States and Queen Victoria of the United Kingdom.

However, that transatlantic cable failed soon, and the project to lay a replacement line
was delaved for five vears by the American Civil War. Also, these ransatlantic cables
would have been completelv incapable of carrying telephone calls even had the telephone
already been invented. The first transatlantic telephone cable (which incorporated
hundreds of electronic amplifiers) was not operational untl 1956,

The conventional telephone now in use worldwide was first patented by Alexander
Graham Bell in March 1876, That first patent by Bell was the masier paseny of the
telephone, from which all other patents for electric telephone devices and features
flowed. Credit for the invention of the electric telephone has been frequently disputed,
and new confroversies over the issue have arisen from time-to-time. As with other great
inventions such as radio, television, the light bulb, and the digital computer, there were
several inventors who did pioneering experimental work on volee jransmission overa
wire, and then they improved on each other's ideas. However, the key innovators were
Alexander Graham Bell and Gardiner Greene Hubbard, who created the first telephone
com pany, the Bell Telephone Company in the United States, which later evolved into
American Telephone & Telegraph (AT &T).

The first commercial telephone services were setup in 1878 and 1879 on both sides of
the Atlantic in the cities of New Haven, Connecticut, and London, England.
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Radio and television

In 1832, James Lindsay gave a classroom demonstration of wireless tele graphy via
conduc tive water to his students. By 1854, he was able to demonstrate a transmission
across the Firth of Tay from Dundee, Scotland, to Woodhaven, a distance of about two
miles {3 km), again using water as the fransmission medium. In December 1901,
Guglielmo Marconi established wireless communication between St. John's,
Newtoundland and Poldhu, Cornwall (England), earning him the Nobel Prize in Physics
for 1909, one which he shared with Karl Braun. However small-seale radio
communication had already been demonstrated in 1893 by Nikola Tesla in a presentation
before the National Electric Light Association.

On March 25, 1925, John Logie Baird of Scotland was able to demonstrate the
transmission of moving pictures at the Selfridge's department store in London, England.
Baird's system relied upon the fast-rofating Nipkow disk, and thus it became known as
the mechanical television. It formed the basis of experimental broadeasts done by the
British Broadeasting Corporation beginning September 30, 1929, However, for most of
the 20th cenmry, felevision systems were designed around the cathode ray tube, invented
by Karl Braun. The first version of such an electronic felevision to show promise was
produced by Philo Farnsworth of the United States, and it was demonstrated to his family
inIdaho on September 7, 1927,

Computer networks and the Internet

On 11 September 1940, George Stibitz was able to ransmit problems using teletype to
his Complex Number Caleulator in New York and receive the computed results back at
Dartmouth College in New Hampshire. This configuration of a centralized computer or
maintframe com puter with remote "dumb terminals” remained popular throughout the
19508 and into the 60'%. However, it was not unfil the 1960s that researchers started fo
investigate pac ket switc hing — a technology that allows chunks of data to be sent
between different computers without first passing through a centralized mainframe. A
four-node network emerged on December 5, 1969, This network soon became the
ARPANET. which by 1981 would consist of 213 nodes.

ARPANET's development centred around the Request for Comment process and on 7
April 1969, RFC | was published. This process is important because ARPANET would
evenmally merge with other networks o form the Internet, and many of the
communication protocols that the Internet relies upon today were specified through the
Request for Comment process. In September 1981, RFC 791 introduced the Internet
Protocol version 4 (IPv4) and RFC 793 infroduced the Transmission Control Protocol
{TCP) — thus creating the TCP/IP protocol that much of the Internet relies upon oday.

However, not all important developments were made through the Request for Comment
process. Two popular link protocols for local area networks (LANs) also appeared in the
1970s. A patent for the token ring protocol was filed by Olof Soderblom on Cetober 29,
1974, and a paper on the Ethernet protocol was published by Robert Metealfe and David
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Boges in the July 1976 issue of Communicarions af the ACM. The Ethernet protocol had
been inspired by the ALOHAet protocol which had been developed by elecirical
engineering researc hers at the University of Hawaili.

Key concepts

A number of key concepts reoccur throughout the literature on modern
telecommunication systems. Some of these concepis are discussed below,

Basic elements

A basic telecommunication system consists of three primary units that are always present
in some form:

A transmitter that takes information and converts it to a signal.
A transmission medium, also called the "plysical channel” that carries the signal .
An example of this is the "free space channel"”.

» A receiver that takes the signal from the channel and convers it back into usable
information.

For example, in a radio broadeasting station the station's large power amplifier is the
transmitter; and the broadeasting antenna is the interface between the power am plifier
and the "free space channel”". The free space channel is the transmission medium; and the
receiver's antenna is the interface between the free space clannel and the receiver. Next,
the radio receiver is the destination of the radio signal, and this is where it is converted
from elecricity to sound for people to listen to.

Sometimes, telecommunication systems are "duplex" (two -way systems) with a single
box of electronics working as both a ransmitter and a receiver, or a fmnsceiwer, For
example, a cellular telephone is a ransceiver. The ransmission electronics and the
receiver electronies in a transceiver are actually quite independent of each other. This can
be readily explained by the fact that radio transmitters contain power amplifiers that
operate with electrical powers measured in the watts or kilowatts, buf radio receivers deal
with radio powers that are measured in the microwatts or nanowatis, Hence | fransceivers
have to be carefully designed and built to isolate their high- power cireuitry and their low-
power circuitry from each other.

Telecommunication over telephone lines is called point-to-point communication because
it is betwesn one transmitter and one receiver. Telecommunication tlrou gh radio
broadeasts is called broadeast communication becaunse it is between one powertul
transmitter and numerous low-power but sensitive radio receivers,

Telecommunications in which multiple transmitters and multiple receivers have been

designed to cooperate and to share the same physical channel are called multiplex
systems.
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Analog versus digital communications

Communications signals can be either by analog signals or digital signals. There are
analog communication systems and digital communication systems. For an analog signal |
the signal is varied continuously with respect to the information. In a digital signal, the
information is encoded as a set of discrete values (for example, a set of ones and zeros).
During the propagation and reception, the information contained in analog signals will
inevitably be degraded by undesirable physical noise. {The output of a ransmitter is
noise-free for all practical purposes.) Commonly, the noise in a communication system
can be expressed as adding or subtracting from the desirable signal in a completely
random way. This form of noise is called “additive noise ™, with the understanding that
the noise can be negative or positive at different instants of time. Noise that is not
additive noise is a much more diffic ult situation to describe or analvze, and these other
kinds of noise will be omitted here.

On the other hand, unless the addirie noive disturbance exceeds a certain threshold, the
information contained in digital signals will remain intact. Their resistance to noise
represents a key advanta ge of digital signals over analog signals.

Telecommunication networks

A communications network is a collection of transmitters, receivers, and communications
channels that send messages to one another. Some digital communications networks
contain one or more routers that work together to ransmit information to the correct user.
An analog communications network consists of one or more switehes that establish a
connection between two or more users. For both types of network, repeaters may be
necessary o amplify or recreate the signal when it is being ransmitied over long
distances. This is to combat attenuation that can render the signal indistinguishable from
the noise.

Communication channels

The term "channel" has two ditfferent meanings. In one meaning, a channel is the physical
medium that carries a signal between the ransmitter and the receiver. Examples of this
inelude the atmosphere for sound communications, glass optical fibers for some kinds of
optical communications, coaxial cables for communications by way of the voliages and
electric currents in them, and free space for communications using visible light, infrared
waves, ultraviolet light, and radio waves. This last channel is called the "free space
channel”. The sending of radio waves from one place to another has nothing to do with
the presence or absence of an atmosphere between the two. Radio waves travel through a
perfect vacuum just as easily as they travel through air, fog, clouds, or any other kind of
gas besides air.

The other meaning of the term "channel” in telecommunications is seen in the phrase

communications channel, which is a subdivision of a transmission medium so that itcan
be used to send multiple streams of information simultaneously. For example, one radio
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station can broadeast radio waves into free space at frequencies in the nei ghborhood of
94.5 MHz {megahertz) while another radio station can simultaneously broadcast radio
waves at frequencies in the nei ghborhood of 96.1 MHz. Each radio station would
transmit radio waves over a frequency bandwidth of about 180 kHz (kilohertz), centered
at frequencies such as the above, which are called the "carrier frequencies”. Bach station
in this example is separated from its adjacent stations by 200 kHz, and the difference
between 200 kHz and 130 kHz (20 kHz) is an engineering allowance for the

im perfections in the communication system.

In the example above, the "free space channel" has been divided into communications
channels aceording to frequencies, and each channel is assigned a separate frequency
bandwidth in which to broadeast radio waves. This system of dividing the medium into
channels acecording to frequency is called "frequency-division multiplexing” (FINM).

Another way of dividing a communications medium into channels is o allocate each
sender a recurring segment of time (a "time slot", for example, 20 milliseconds out of
each second), and to allow each sender to send messa ges only within its own time slot.
This method of dividing the medium into communication channels is called "time-
division multiplexing" (TDM), and is used in optical fiber communication. Some radio
communication systems use TDM within an allocated FDM channel. Hence, these
systems nse a hyvbrid of TDM and FDM.

Modulation

The shaping of a signal to convey information is known as modulation. Modulation can
be used to represent a digital message as an analog wavetorm. This is commonly called
"keying” - a term derived from the older use of Morse Code in felecommunications - and
several keyving techniques exist (these include phase-shift keving, frequene y-shift keving,
and amplitde-shift keying). The "Bluetooth” system, for example, uses phase-shift
keying to exchange information between various devices. In addition, there are

com binations of phase-shift keving and amplimde-shift keying which is called (in the
jargon of the field) "quadramre amplitude modulation” {QAM) that are used in high-
capacity digital radio communication systems.

Modulation can alse be used to ransmit the information of low-frequency analog signals
at higher frequencies. This is helpful becanse low-frequency analog signals cannot be
effectively transmitted over free space. Hence the information from a low-frequency
analog signal must be impressed into a higher-frequency sigml (known as the "carrier
wave") before transmission. There are several different modulation schemes available to
achieve this [two of the most basic being amplimde modulation (AM) and frequency
modulation {FM)]. An example of this process is a disc jockey's voice being impressed
into a 96 MHz carrier wave using frequency modulation {the voice would then be
received on a radio as the channel "96 FM"). In addition, modulation has the advantage of
being about to nse frequency division multi plexing (FDM).
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Society and telecommunication

Telecommunication has a significant social, cultural. and econo mic impact on modern
sociefy. In 2008, estimates placed the telecommunication industry's revenue at 53.85
trillion (USD) or just under 3.0 percent of the gross world product {official exchange
rate). Several following sections discuss the impact of telecommunication on society.

Economic impact
Microeco nomics

On the microeconomic scale, com panies have used telecommunications to help build
global business empires. This is self-evident in the case of online retailer Amazon.com
but, according to academic Edward Lenert, even the conventional retailer Wal-Mart has
benetited from better telecommunication infrastructure compared to its competitors. In
cities throughout the world, home owners use their telephones to organize many home
services ranging from pizza deliveries o elecmricians. Even relatively-poor communities
have been noted to use telecommunication to their advantage. In Bangladesh's Narshingdi
district, isolated villagers use cellular phones to speak directly to wholesalers and arrange
a befter price for their goods. In Céte dTvoire, coffes growers share mobile phones 1o
follow hourly variations in coffee prices and sell at the best price.

Macroeco mymics

On the macrosconomic scale, Lars-Hendrik Réller and Leonard Waverman suggested a
cansal link berween good telecommunication infrastrue ture and economic growth. Few
dispute the existence of a correlation although some argue it is wrong to view the
relationship as causal.

Because of the economic benefits of good telecommunication infrastruemre,, there is
inereasing worry about the inequitable access to telecommunication services amongst
various countries of the world—this is known as the digital divide. A 2003 survey by the
Internafional Telecommunication Union (ITU) revealed that roughly one- third of
countries have fewer than one mobile subscription for every 20 people and one-third of
countries have fewer than one land-line telephone subseription for every 20 people. In
terms of Internet access, roughly half of all couniries have fewer than one out of 20
people with Internet access, From this information, as well as educational dafa, the ITU
was able to compile an index that measures the overall ability of citizens to access and
use information and communication technologies. Using this measure, Sweden, Denmark
and Iceland received the highest ranking while the African couniries Nigeria, Burkina
Faso and Mali received the lowest.

Social impact

Telecommunication has playved a significant role in social relationships. Nevertheless
devices like the telephone system were originally advertised with an emphasis on the
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practical dimensions of the device (such as the ability to conduet business or order home
services) as opposed to the social dimensions. It was not unfil the late 1920sand 19308
that the social dimensions of the device became a prominent theme in telephone
advertisements. New promotions started appealing to consumers' emotions, stressing the
importance of social conversations and stayving connected to family and friends.

Since then the role that telecommunications has plaved in social relations has become
increasingly important. In recent years, the popularity of social networking sites has
increased dramatically, These sites allow users to communicate with each other as well as
post photographs, events and profiles for others to see. The profiles can list a person's
age, interests, sexual preference and relationship status. In this way, these sites can play
important role in everything from organising social enga gements to courtship.

Prior to social networking sites, technologies like short message service(SMS) and the
telephone also had a significant impact on social interac tions. In 2000, market research
group Ipsos MORI reported that 81% of 15 to 24 vear-old SMS users in the United
Kingdom had used the service to coordinate social arrangements and 42% to flirt.

Other impacits

In cultural terms, telecommunication has increased the public's ability o access o music
and film. With television, people can watch films they have not seen before in their own
home without having to travel to the video store or cinema. With radio and the Internet,
people can listen to music they have not heard before without having to travel to the
music store.

Telecommunication has also transformed the way people receive their news. A survey by
the non-profit Pew Internet and American Life Project found that when just over 3,000
people living in the United States were asked where they got their news "yesterday",
more people said television or radio than newspapers. The results are summarised in the
following table (the percentages add up o more than 100° because people were able to
specify more than one souree).

Local TV Mational TV Radio Local paper Internet National paper
38% 47%% 44%  38% 23% 12%

Telecommunication has had an equally significant impact on advertising. TNS Media
Intelli gence reported that in 2007, 58% of advertising expendimre in the United States
was spent on mediums that depend upon telecommunication. The results are summarised
in the following table.

Internet Radio |C3bk Symdicated | Spot Network Newspaper Magasine Ouidoor | Total

™ ™ ™ ™
Pereent | T6% Taky |Di% DA% FRA% (IT.1% 13 0%y A0 4% AT 105
Dollars FLL3D  FLOe9 FLEOX $4.07 Fle 82 f2542 a2 $30.33 402 Fi49

bilion hallion killion hdlkion billion ballian  hdlbam bl Biam billian  |ballion
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Telecommunication and government

Many countries have enacted legislation which conform to the Infernational
Telecommunication Regndarions establish by the International Telecommunication Union
(ITL, which is the "leading United MNations agency for information and communication
technology issues." In 1947, at the Atlantic City Conference, the ITU decided to "afford
international protection to all frequencies registered in a new international frequency list
and used in conformity with the Radio Regulation." According to the ITU's Radio

Re gulapions adopted in Atlantic City, all frequencies referenced in the Inre mational
Frequency Regisiragion Board, examined by the board and registered on the fnfernamonal
Frequeney List "shall have the right to international prefee ion from harmful
interterence.”

From a global perspective, there have been polifical debates and legislation regarding the
management of telecommunication and broadeasting. The history of broadcasting
discusses some of debates in relation to balancing conventional communication such as
printing and telecommunication such as radio broadcasting. The onset of World War I1
brought on the first explosion of international broadeasting propaganda. Countries, their
governiments, insurgents, terrorists, and militiamen have all nsed telecommunication and
broadeasting techniques to promote propaganda. Patriotic propaganda for political
movements and colonization started the mid 1930s. In 1936, the BBC did broadcast

propaganda to the Arab World to partly counter similar broadeasts from Italy, which also
had colonial interests in North Africa.

Modern insurgents, such as those in the latest Iraq war, often use intfimidating telephone
calls, SMSs and the distribution of sophisticated videos of an attack on coalition troops
within hours of the operation. "The Sunni insurgents even have their own television
station, Al-Zawraa, which while banned by the Iraqi government, still broadeasts from
Erbil, Iragi Kurdistan, even as coalition pressure has foreed it to switch satellite hosts
several times."
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Modern telecommunication

Telephone

Optical fiber provides cheaper bandwidth for long distance communication

In an analog telephone network, the caller is connected fo the person he wants to falk o
by switches at various telephone exchanges. The switches form an elec trical connection
between the two users and the setting of these switches is determined electronically when
the caller dials the number, Onee the connection is made, the caller's voice is ransformed
to an electrical signal using a small microphone in the caller's handset. This electrical
signal is then sent through the network to the user at the other end where it is transforimed
back info sound by a small speaker in that person's handset. There is a separate elecirical
connection that works in reverse, allowing the users to converse.

The fixed-line telephones in most residenfial homes are analog — that is, the speaker's
voice directly determines the signal's voltage. Although short-distance calls may be



handled from end-to-end as analog signals, increasingly telephone service providers are
transparently converting the signals to digital for fransmission before converting them
back to analog for reception. The advantage of this is that digitized voice data can ravel
side-by-side with data from the Internet and can be perfectly reproduced in long distance
communication {as opposed to analog signals that are inevitably impacted by noise).

Mobile phones have had a significant impact on telephone networks. Mobile phone
subseriptions now outnum ber fixed-line subseriptions in many markets. Sales of mobile
phones in 2005 totalled 816.6 million with that figure being almost equally shared
amongst the markets of Asia/Pacific (204 m), Western Europe {164 m), CEMEA (Central
Europe, the Middle Bast and Africa) (153.5 m), North America (148 m) and Latin
America {102 m). In terms of new subscriptions over the five years from 1999, Africa has
oufpaced other markets with 58.2% growth. Increasingly these phones are being serviced
by systems where the voice content is transmitted digitally such as GSM or W-CDMA
with many markets choosing to depreciate analog systems such as AMPS.

There have also been dramatic changes in telephone communication behind the scenes.
Starting with the operation of TAT-8 in 1988, the 1990s saw the widespread adoption of
systems based on optic fibres. The benefit of communicating with optic fibers is that they
offer a drastic increase in data capacity. TAT- 8 itself was able fo carry 10 times as many
telephone calls as the last copper cable laid at that time and today's optic fibre cables are
able to carry 25 times as many telephone callsas TAT-8. This increase in daf capacity is
due to several factors: First, optic fibres are physically much smaller thancompeting
technologies. Second, they do not sutfer from crosstalk which means several hundred of
them can be easily bundled together in a single cable. Lastly, improvements in
multiplexing have led to an exponential grewth in the data capacity of a single fibre.

Assisting communication across many modern optic fibre networks isa protocol known
as Asynchronous Transfer Mode (ATM). The ATM protocol allows for the side-by-side
data transmission mentioned in the second paragraph. It is suitable for public telephone
networks because it establishes a pathway for data through the network and associates a
tratfic contract with that pathway. The traffic confract is essentially an agreement
between the client and the network about how the network is fo handle the data; if the
network cannot meet the conditions of the tatfic contract it does not accept the
connection. This is important because telephone calls can negofiate a contract so as to
guarantes themsalves a constant bit rate, something that will ensure a caller's voice is not
delaved in parts or cut-off completely. There are competitors to ATM, such as

Multi protocol Label Switching (MPLS), that perform a similar task and are expected to
supplant ATM in the future.
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Radio and television
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Di gital television standards and their adoption worldwide.

In a broadcast system, the central high-powered broadeast tower mansmits a high-
frequency electromagnetic wave to numerous low-powered receivers. The high-
frequency wave sent by the tower is modulated with a signal containing visual or audio
information. The receiver is then tned so as to pick up the high-frequency wave and a
demaodulator is used fo retrieve the signal containing the visnal er andio information. The
broadeast signal can be either analog (signal is varied continuously with respect to the
information) or digital {information is encoded as a set of discrete values).

The broadeast media industry is ata critical mrning point in its development, with many
countries moving from analog to digital broadeasts. This move is made possible by the
production of cheaper, faster and more capable integrated circuits. The chief advanta ge of
digital broadcasts is that they prevent a number of complaints commeon to raditional
analog broadeasts. For television, this includes the elimination of problems such as
snowy pictures, ghosting and other distortion. These oceur because of the nature of
analog ransmission, which means that permurbations due to noise will be evident in the
final output. Digital fransmission overcomes this problem because digital signals are
reduced to discrete values upon reception and hence small perturbations do not affect the
final output. In a simplified example, if a binary message 1011 was ransmitted with
signal amplimdes [1.00.0 1.0 1.0] and received with signal amplimdes [09 0.2 1.1 09] it
would still decode to the binary message 1011 — a perfect reproduc tion of what was
sent. From this example, a problem with digital ransmissions can also be seen in that it
the noise is great enough it can significantly alter the decoded messa ge. Using forward
ertor correction a receiver can correct a handful of bit errors in the resulting messa ge but
too much noise will lead to incomprehensible output and hence a breakdown of the
ransmission.
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In digital television broadeasting, there are three competing standards that are likely to be
adopted worldwide. These are the ATSC, DVE and 1SDB standards; the adoption of
these standards thus far is presented in the captioned map. All three standards use MPE G-
2 for video compression. ATSC uses Dolby Digital AC-3 for audio compression, ISDB
uses Advanced Audio Coding (MPEG-2 Part 7) and DVB has no standad for audio
compression but typically uses MPEG- 1 Part 3 Layer 2. The choice of modulation also
varies between the schemes. In digital andio broadcasting, standards are much more
unified with practically all countries choosing to adopt the Digital Audio Broadeasting
standard {also known as the BEureka 147 standard). The exception being the United States
which has chosen to adopt HD Radio. HD Radio, unlike Eureka 147, is based upon a
transmission method known as in-band on-channel transmission that allows digital
information to "piggyback” on normal AM or FM analog transmissions,

However, despite the pending swite h to digital, analog television remains being
transmitted in most countries. An exception is the United States that ended analog
television ransmission (by all but the very low-power TV stations) on 12 June 2009 after
twice delaying the switchover deadline. For analog television, there are three standards in
use for broadeasting color TV, These are known as PAL (British desi gned), NTSC {North
American designed), and SECAM (French designed). (It is impermant to understand that
these are the ways from sending color TV, and they do not have anything to do with the
standards for black & white TV, which also vary from country to country.) For analog
radio, the switch o digital radio is made more difficult by the fact that analog receivers
are sold ata small fraction of the price of digital receivers. The choice of modulation for
analog radio is typically between amplitude modulation (AM) or frequency modulation
(FM). To achieve stereo playback, an amplitude modulated subearrier is used for stereo
FM.
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The Internet
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The OSI refersnce model

The Internet is a worldwide network of computers and computer networks that can
communicate with each other using the Internet Protocol. Any computer on the Internet
has a unique IP address that can be used by other computers to route information to it.
Hence, any computer on the Internet can send a message to any other compufer nsing its
IP address. These messages carry with them the originating computer's IP address
allowing for two-way communication. The Internet is thus an exchange of messages
between com puters.

Asof 2008, an estimated 21.9% of the world population has access to the Internet with
the highest access rates (measured as a percentage of the population) in North America
{73.6%), Oceania/ Australia (59.5%) and Europe (48.1%). In terms of broadband access,
Teeland (26.7%), South Korea (25.4%) and the Metherlands (25.3%) led the world.

The Internet works in part becanse of protocols that govern how the computers and
routers communicate with each other. The nature of computer network co mmunication
lends itself to a layerad approach where individual protocols in the protocol stack min
more-or-less independently of other protocols. This allows lower-level protocols to be
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customized for the network situation while not changing the way higher-level protocols
operate. A practical example of why this is important is because it allows an Internet
browser fo run the same code regardless of whether the computer it is running on is
connected to the Internet through an Ethernet or Wi-Fi connection. Protocols are often
talked about in terms of their place in the OSI reference model {pic tured on the right),
which emerged in 1983 as the first step in an unsuccessful attempt to build a universally
adopted networking protocol suite.

Faor the Internet, the physical medium and data link protocol can vary several times as
packets raverse the globe. This is because the Internet places no constraints on what
physical medium or data link protocol is used. This leads to the adoption of media and
protocols that best suit the local network simation. In practice, most infercontinental
communication will use the Asyne hronous Transfer Mode (ATM) protocol {or a modern
equivalent) on top of optic fibre. This is becanse for most intercontinental communica tion
the Internet shares the same infrastructure as the public switched telephone network.

At the network laver, things become standardized with the Internet Protocol (IP) being
adopted for logical addressing. For the World Wide Web, these "IP addresses" are
derived from the human readable form using the Domain Name System. At the moment,

the most widelv used version of the Internet Protocol is version four but a move to
version six is imminent.

At the fransport layer, most communication adopts either the Transmission Control
Protocol {TCP) or the User Data gram Protocol (UDP). TCP is used when it is essential
every message sent is received by the other computer where as UDP is used when it is
merely desirable. With TCP, packets are retransmitted if they are lost and placed in order
before they are presented to higher lavers, With UDP, packets are not ordered or
retransmitted if lost. Both TCP and UDP packets carry port numbers with them to specify
what application or process the packet should be handled by, Because certain application-
level protocols use certain ports, network administrators can manipulate tratfic o suit
particular requirements. Examples are to restrict Internet access by blocking the traffic
destined for a particular port or to affect the performance of certain applications by
assigning priority.

Above the ransport layer, there are certin protocols that are sometimes used and loosaly
fit in the session and presenfation layvers, most notably the Secure Sockets Layer (SSL)
and Transport Layer Security {TLS) protocols. These protocols ensure that the data
transferred between two parties remains completely confidential and one or the other isin
use when a padlock appears in the address bar of your web browser. Finally, at the
application layer, are many of the protocols Internet users would be familiar with such as
HTTP {web browsing), POP3 {e-mail), FTP (file transfer), IRC (Internet chat), BitTorrent
{file sharing) and OSCAR (instant messaging).
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Local Area Networks and Wide Area Networks

Despite the growth of the Internet, the characteristics of local area networks ("LANS" -
com puter networks that do not extend beyond a few kilometers in size) remain distinet.
This is because networks on this scale do not require all the features associated with
larger networks and are often more cost-effective and efficient without them. When they
are not connected with the Internet, they also have the advantages of privacy and security.
However, purposefully lacking a direct connection to the Internet will not provide 1004
protection of the LAN from hackers, military forees, or economic powers. These threats
exist if there are any methods for connec ting remotely to the LAN.

There are also independent wide area networks ("WANs" - private computer networks
that can and do extend for thousands of kilometers.) Onece again, some of their
advantages include their privacy, security, and complete ignoring of any potential hackers
- who cannot "touch" them. Of course, prime users of private LANs and WANs include

armexd forces and intelli gence agencies that mest keep their information completely
secure and secret.

In the mid- 19808, several sets of communication protocals emerged to fill the gaps
between the data-link layer and the application layer of the OSI reference model. These
included Appletalk, IPX, and NetBIOS with the dominant protocol set during the early
19905 being IPX due to its popularity with MS-DOS users. TCP/IP existed at this point,
but it was typically only used by large povernment and research facilities.

As the Internet grew in popularity and a larger percentage of traffic became Internet-
related, LANs and WANs gradually moved towards the TCP/IP protocols, and today
networks mostly dedicated to TCP/AIP taffic are common. The move to TCP/IP was
helped by technologies such as DHCP that allowed TCP/IP clients to discover their own
network address — a function that came standard with the AppleTalk/ TPX NetBIOS
protocol sets,

Itisat the dafa-link layer, though, that most modern LANs diverge from the Internet.
Whereas Asynehronous Transfer Mode (ATM) or Multiprotocol Label Swite hing
(MPL 5) are typical dafa-link protocols for larger networks such as WANs; Ethernet and
Token Ring are typical data-link protocols for LANs. These pwtocols differ from the
former protocols in that they are simpler (e.g. they omit features such as Cuality of
Service puarantees) and offer collision prevention. Both of these differences allow for
more economical systems. Despite the modest popularity of IBM token ring in the 1980s
and 90%, virtually all LANs now use either wired or wireless Ethernets. At the physical
layer, most wired Ethernet implementations use copper twisted-pair cables {including the
common 10BASE-T networks). However, some early implementations used heavier
coaxial cables and some recent implementations {especially hi gh-speed ones) use optical
fibers. When optic fibers are used, the distine tion must be made between multimode
fibers and single-mode fiberes. Multimode fibers can be thought of as thicker optical
fibers that are cheaper to manufac ture devices for but that sutfers from less usable
bandwidth and worse attenuation - implying poorer long-distance performance.
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Chapter 2

Optical Communication and
Nanonetwork

Optical communication

Optical communication is any form of telecommunication that uses light as the
transmission medinm.

An optical communication system consists of a fransmifier, which encodes a message

into an optical fgmal, a channel, which carries the signal to its destination, and a
receiver, which reproduces the message from the received opfical signal.

Forms of optical communication
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There are many forms of non-technological optical communication, ineluding body
language and sign language.

Techniques such as semaphore lines, ship tlags, smoke signals, and beacon fires were the
eatliest form of technological optical communication.

The heliograph uses a mirror fo reflect sunlight to a distant observer. By moving the
mirror the distant observer sees flashes of light that can be used to send a prearranged
signaling code. Navy ships often use a signal lamp to signal in Morse code in a similar
way.

Distress flares are used by mariners in emergencies, while lighthouses and navi gation
lights are used to communicate navigation hazards,

Adrcraft use the landing lights atairports to land safely, especially at night. Aircraft
landing on an aircraft carrier use a similar system to land correctly on the carrier deck.
The light systems communicate the correct position of the aireraft relative to the best
landing glideslope. Also, many control towers still have an Aldis lamp to communicate
with planes whose radio failed.

Optical fiber is the most common medinm for modern digital optical communication.

Free-space optical communication is also used today in a variety of applications.

Optical fiber communication

Optical fiber is the most common type of channel for optical communications, however,
other tvpes of optical wavegnides are used within computers or communications gear,
and have even formed the channel of very short distance {e.g. chip-to-chip, intm-chip)
links in laboratory mrials. The ransmiftters in optical fiber links are generally light-
emifting diodes (LEDs) or laser diodes. Infrared light, rather than visible light is used
more commonly, because optical fibers transmit infrared wavelengths with less
attenuation and dispersion. The signal encoding is typically simple intensity modulation,
although historically optical p]mse and ﬁ‘equeu-::,r modulation have been demeonstrated in
fhe lab, The need for periodic signal regeneration was largely supersedead by the
introduction of the erbium-doped fiber amplifier, which extended link distances at
significantly lower cost.

Free-space optical communication

Free Space Optics (F50) systems are generally employed for ‘last mile' communications
and can function over distances of several kilometers as long as there isa clear line of
sight between the source and the destination, and the optical eceiver can reliably decode
the transmitted information. IIDA is an example of low-data-rate, short distance free-
space optical communications using LEDs,
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Nanonetwork

A manonetwork or nanoscale networkisa set of interconnected nanomac hines, i e,
devices in the order of a few hundred nanometers or a few micrometers at most, which
are able to perform only very simple tasks such as computing, data storing, sensing and
acwation. Nanonetworks are expected to expand the capabilities of single nanomachines
both in terms of complexity and range of operation by allowing them to coordinate, share
and fuse information. Nanonetworks enable new applications of nanotechnology in the
biomedical field, environmental research, military technolo gy and industrial and
consumer goods applications.

Communication approaches

Classical communication paradigms need to be revised for the nanoscale. The two main
alternatives for communication in the nanoscale are based either on elec froma gnetic
communication or on molecular communica tion.

Electromagnetic

This is defined as the ransmission and reception of electromagnetic radiation from
components based on novel nanomaterials. Recent advane ements in carbon and
molecular electronies have opened the door to a new generation of electronic nanoscale
com ponents such as nanobafteries, nanoscale energy harvesting systems, nano-memories,
logical ecireuitry in the nanoscale and even nano-antennas. From a communication

pers pec tive, the unique properties observed in nanomaterials will decide on the specitic
bandwidths for emission of electromagnetic radiation, the time lag of the emission, or the
ma gnimde of the emitted power for a given input energy, amongst others.

For the time being, two main alternatives for electroma gnetic communication in the
nanoscale have been envisioned. First, it has been experimentally demo nstrated that is
possible to receive and demodulate an electromagnetic wave by means of a nanoradio,
i.e., an electromes hanically resonating carbon nanotube which is able to decode an
amplitude or frequency modulated wave. Second, graphene-based nano-antennas have
been anal yzed as potential elec froma gnefic radiators in the Terahertz band

Molecular

Molecular communication is defined as the transmission and reception of information by
means of molecules. The different molecular communication fec hniques can be classified
according to the type of molecule propagation in walkaway-based, flow-based or
diffusion-based communication.

In walkway-based molecular communication, the molecules propagate through pre-

defined paﬂma:,'s by using carrier substances, 51'::11 as molecular motors, This type of
molecular communication can also be a::]ueved by using E. coli bacteria as chemotaxis.
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In flew-based molecular communication, the molecules propa gate through diffusion ina
flnidic medium whose flow and mrbulence are guided and predictable. The hormonal
communication through blood streams inside the human body is an example of this type
of propagation. The flow-based propagation can also be realized by using carrier entities
whose motion can be constrained on the average along specific paths, despite showing a
randem component. A good example of this case is given by pheromonal long range
molecular communications.,

In diffusion-based molecular communication, the molecules propagate through
spontaneous ditfusion in a fluidic medium. In this case, the molecules can be subject
solely to the laws of ditffusion or can also be affected by non-predictable turbulence
present in the fluidic medium. Pheromonal communication, when pheromones are
released into a fluidic medium, such as air or water, is an example of ditffusio n-based
architecture . Other examples of this kind of wransport include ealeivm si gnaling among
cells, as well as quorim sensing among bacteria.

WORLD TEC

L |

INOLOGIES




Chapter 3

Computer Networking

Metwork cards such as this one can transmit and receive data at high rates over various
tvpes of network cables. This card is a 'Combo’ card which supports three cabling
standards.

Computer networking or Data communications (Datacom) is the engineering

discipline concerned with the communication between computer systems or devices. A
com puter network is any set of computers or devices connected to each other with the
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ability to exc hange data. Computer networking is sometimes considerad a sub-discipline
of telecommunications, computer science, information technology and/or computer
enginesring since it relies heavily upon the theowrtical and practical application of these
scientific and engineering disciplines. The three types of networks are: the Internet, the
intranet, and the extranet. Examples of different network methods are:

# Local area network (LAN), which is usuallv a small network constrained to a
small geographic area. An example of a LAN would be a computer network
within a building.

« Mefropolitan area network (MAN), which is used for medium size area. examples
for a city or a state.

#  Wide area network (WAN) that is usually a larger network that covers a large
o pra phic area.

o Wireless LANs and WANs (WLAN & WWAN) are the wireless equivalent of the
LAN and WAN,

All networks are interconnected to allow communication with a variety of ditferent kinds
of media, including rwisted-pair copper wire cable, coaxial cable, optical fiber, power
lines and varions wireless technologies. The devices can be separated by a few meters
{e.g. via Bluetooth) or nearly unlimited distances (e.g. via the interconnections of the
Internet). Networking, routers, routing protocols, and networking over the public Tnternet
have their specifications defined in documents called RFCs,

Views of networks

Users and network administrators typically have different views of their networks. Users
can share printers and some servers from a workgroup, which usnally means they are in
the same geographic location and are on the same LAN, whereas a Network
Administrator is responsible to keep that network up and running. A community of
interest has less of a connection of being in a local area, and should be thought of as a set
of arbitrarily located users who share a sef of servers, and possibly also communicate via
peet-to-pear tec hnologies.

Network administrators can see networks from both physical and logical perspectives.
The physical perspective involves geographic locations, physical cabling, and the
network elements (e.g., routers, bridges and application layer gateways that interconnect
the physical media. Logical networks, called, in the TCP/IP architecture, subnets, map
onfo one or more physical media. For example, a common practice in a campus of
buildings is to make a set of LAN cables in each building appear to be a common subnet,
using virtual LAN (VLAN) technology.

Both users and administrators will be aware, to varying extents, of the trust and scope
characteristics of a network. A gain using TCP/IP architectural terminology, an intranet is
a community of interest under private administration usually by an enterprise, and is only
accessible by authorized users (e.g. employees). Infranets do not have fo be connected to
the Internet, but generally have a limited connection. An extranet is an extension of an
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intranet that allows secure communications to users outside of the intranet (e.z. business
partners, customers).

Unofficially, the Internet is the set of users, enterprises, and content providers that are
interconnected by Internet Service Providers (ISP). From an enginesring viewpoint, the
Internet is the set of subnets, and aggregates of subnets, which share the registered IP
address space and exc hange information about the reachability of those IP addresses
using the Border Gateway Protocol. Typically, the human-readable names of servers are
translated to IP addresses, ransparently fo users, via the directory function of the Domain
Mame Svstem (DMS).

Ower the Internet, there can be business-mo-business (B2B), business-to-consumer (B2C)
and consumer-to-consumer (C2C) communications. Especially when money or sensitive
information is exchanged, the communications are apt to be secured by some form of
communications security mechanism. Intranets and extranets can be securaly

superim posed onto the Internet, without any access by general Internet users, using
secure Virtual Private Network (VPN) tec hinology.

History of computer networks

Betore the advent of computer networks that were based upon some tvpe of
telecommunications svstem, communication betwesn calculation machines and early
com puters was performed by human users by carrving instrue tions between them. Many
of the social behaviers seen in today's Internet were demonstrably present in the
ninetesnth cenmiry and arguably in even earlier networks using visual sigmls.

« In September 1940 George Stibitz used a teletype machine o send instructions for
a problem set from his Model at Dartmouth College to his Complex Num ber
Caleulator in New York and received results back by the same means. Linking
oufput systems like teletypes to computers was an interest at the Advanced
Research Projects Agency (ARPA) when, in 1962, T.C R. Licklider was hired and
developed a working group he called the "Intergalactic Network", a precursor to
the ARPANET.

« In 1964, researchers at Dartmouth developed the Dartmouth Time Sharing System
for distributed users of large com puter systems. The same year, at Massachusetts
Institute of Technology, a research group supported by Geneml Electric and Bell
Labs used a computer to route and manage telephone connections,

« Throughout the 1960s Leonard K leinrock, Paul Baran and Donald Davies
inde pendently concepmalized and developed network systems which used pac kets
that could be used in a network between computer systems.

« 1965 Thomas Merrill and Lawrence G. Roberts created the first wide ara
network (WAN).

o The first widely used telephone switch that used trie computer control was
introduced v Western Electric in 19635,

« In 1969 the University of California at Los Angeles, the Stanford Research
Institute, University of California at Santa Barbara, and the University of Utah
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were connected as the beginning of the ARPANET network using 50 kbit/s
circnits,

« Commercial services using .25 were deploved in 1972, and later used as an
underlying infrastructure for expanding TCP/IP networks.

Today, computer networks are the core of modern communication. All modern aspects of
the Public Switc hed Telephone Network (PSTN) are computer-controlled, and telephony
inereasingly mins over the Internet Protocol, although not necessarily the public Internet.
The scope of communication has increased significantly in the past decade, and this

boom in communications would not have been possible without the progressively
advancing computer network. Computer networks, and the technologies needed to
connect and communicate through and between them, continue to drive computer
hardware, software, and peripherals industries. This expansion is mirrored by growth in
the numbers and types of users of networks from the researcher to the home user.

Networking methods

Omne way to categorize computer networks is by their geo graphic scope, although many
real-world networks interconnect Local Area Networks (L AN) via Wide Area Metworks
(WAN) and wireless wide area networks (WWAN). These three {broad) types are:

Local area network (LAN)

A local area network is a network that spans a relatively small space and provides
services to a small number of people.

A peer-to-peer or client-server method of networking may be used. A peer-to-peer
network is where each client shares their resources with other workstations in the
network. Examples of peer-to-peer networks are: Small office networks where resowce
nse is minimal and a home network. A client-server network is where every client is
connected to the server and each other. Client-server networks use servers in different
capacities. These can be classified into two types:

. Single-service servers
2. Print servers

The server performs one task such as file server, while other servers can not only perform
in the capacity of file servers and print servers, but also can conduet caleulations and use
them to provide information to clients (Web/Intranet Server). Computers may be
connected in many different ways, including Ethernet cables, Wireless networks, or other
tvpes of wires such as power lines or phone lines.

The ITU-T G.hn standard is an example of a technology that provides high-speed (up to 1

Ghit's) local area networking over existing home wiring (power lines, phone lines and
coaxial cables).
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Wide area network (WAN)

A wide area network is a network where a wide variety of resources are deploved across
a large domestic area or internationally. An example of this is a multinational business
that uses a WAN fo interconnect their offices in different countries. The largest and best
example of a WAN is the Internet, which is a network composed of many smaller
networks. The Internet is considered the largest network in the world. The PSTN {Public
Switched Telephone Network) also is an extremely large network that is converging to
use Internet technologies, although not necessarily through the public Internet.

A Wide Area Network involves communication through the use of a wide range of
different technologies. These technologies include Point-to-Point WANs such as Point-
to-Point Protocol (PPP) and High-Level Data Link Control (HDL C), Frame Relay, ATM
{Asyne hronous Transfer Mode) and Sonet (Syne hironous Optical Network). The
difference between the WAN technologies is based on the switching capabilities they
perform and the speed at which sending and receiving bits of information (data) oceur.

Wireless networks (WLAN, WWAN)

A wireless network is basically the same asa LAN or a WAN but there are no wires
between hosts and servers. The data is ransferred over sets of radio transceivers. These

tvpes of networks are beneficial when it is too costly or inconvenient to run the necessary
ca bles.

The most commeon IEEE 802,11 WL ANs cover, depending on antennas, ranges from
hundreds of meters to a few kilometers. For larger areas, either communications satellites
of various types, cellular radio, or wireless local loop (IEEE 802.16) all have advantages
and disadvantages. Depending on the type of mobility needed, the relevant standards may
come from the IETF or the ITU.

Network topology

The network topology defines the way in which computers, printers, and other devices
are connested, physically and logically. A network topology deseribes the lavout of the
wire and devices as well as the paths used by data transmissions.

Metwork topology has two types:

s Phvsical
« Logical

Commonly used topologies include:
= Bus

®  Smar
s Tree (hierarchical)
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# Linear
=« Ring
¢ Mesh
o partially connected
o fully connected (sometimes known as fully redundani)

The network topologies mentioned above are only a general representation of the kinds of
topologies used in computer network and are considered basic topologies
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Chapter 4

Radio Broadcasting

Long wave radio broadeasting station, Motala, Sweden
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Broadeasting tower in Trondheim, Norway

Radio broadeasting is a one-way transmission over radio waves intended to reach a
wide audience. Stations can be linked in radio networks to broade ast common

programming, either in syndication or simulcast or both. Audio broadeasting also can be
done via cable FM, local wire networks, satellite and the Internet.

History
The earliest radio stations were simply radiotele gmphy systems and did not carry aundio.
The first claimed audio transmission that could be termed a broadeast occurred on

Christras Bve in 1906, and was made by Reginald Fessenden. Whether this broadeast
actally ook place is disputed. While many early experimenters attempted fo create
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systems similar to radiotelephone devices where only two parties were meant to
communicate, there were others who intended to fransmif to larger audiences. Charles
Herrold startad broadeasting in California in 1909 and was carmving audio by the next
vear. {Herrold's station eventually became K CES).

For the next decade, radio finkerers had to build their own radio receivers. In The Hague,
the Metherlands, PCGG started broadeasting on November 6, 1919 In 19 16, Frank
Conrad, an employee for the Westinghouse Electric Corporation, be gan broadcasting
from his Wilkinsburg, Pennsylvania garage with the call letters 8XE. Later, the safion
was moved to the top of the Westinghouse factory building in Bast Pittsburgh,
Pennsylvania and, as claiming to be "the world's first commerecially licensed radio
station", Westinghouse relaunched the station as KDK A on November 2, 1920, The
commercial designation came from the type of license; advertisements did not air until
vears later. The first licensed broadcast in the United States came from KEDE A itself: the
results of the Harding/ Cox Presidential Election. The Montreal station that became CFCF
began program broadeasts on May 20, 1920, and the Detroit station that became WWJ
began program broadeasts beginning on August 20, 1920, although neither held a license
at the time.

Radio Argentina began regularly seheduled transmissions from the Teatro Coliseo in
Buenos Aires on August 27, 1920, making its ewn priority claim. The station got its
license on November 19, 1923, The delay was due to the lack of official Argentine
licensing procedures before that date. This station continued regular broadeasting of
entertainment and eultural fare for several decades.

Radio in education soon followed and eolleges across the U.S. began adding radio
broadeasting courses to their curricula. Curry College in Milto n, Massac lmsetts
introduced one of the first broadeasting majors in 1932 when the college teamed up with
WLOE in Boston to have students broadeast programs.
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Transmission and reception schematic

Broadeasting by radio takes several forms. These include AM and FM stations, There are
several subtypes, namely commercial, public and nonprofit varieties as well as student-
ruin campus radio stations and hospital radio stations can be found throughout the world.

Many stations broadeast on shortwave bands using AM technology that can be received
over thousands of miles {especially at night). For example, the BBC, VOA, VOR, and
Dentsche Welle have transmitted via shortwave to Africa and Asia. These broadcasts are
very sensitive to atmospheric conditions and solar activity,

Arbitron, the United States-based company that reports on radio andiences, defines a
"radio station” as a government-licensed AM or FM station; an HD Radio (primary or
multicast) station; an internet stream of an existing government-licensed station; one of
the satellite radio channels from XM Satellite Radio or Sirius Satellite Radio; or,

potentially, a station that is not government licensed.
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AM radio broadeast stations in 2006

AM smations were the earliest broadeasting stations to be developed . AM refers o
amplitude modulation, a mode of broadcasting radio waves by varving the amplimde of
the carrier signal in response to the amplitude of the sigml to be transmitted.

The medinm-wave band is used worldwide for AM broadeasting. Europe also uses the
long wave band. In response to the growing popularity of FM radio stereo radio stations
in the late 1980s and early 1990s, some North American stafions began broadcasting in
AM steren, though this never gained popularity, and very few receivers were ever sold.

One of the advantages of AM is that its signal can be detected (turned into sound) with
simple equipment. If a signal is strong enough, not even a power source is neaded;
building an unpowered erystal radio receiver is a common childhood project.

AM broadeasts oceur on North American airwaves in the medium wave frequency range
of 530 o 1700 kHz (known as the "standard broadeast band"). The band was expanded in
the 1990s by adding nine channels from 16200 1700 kHz. Channels are spaced every

10 kHz in the Americas, and generally every 9 kHz everywhere else.

The signal is subject to interference from electrical storms (lightming) and other EMIL

AM transmissions cannot be jonospherically propagated during the day due o strong
absorption in the D-layer of the ionosphere. In a crowded channel environment this
means that the power of regional channels which share a frequency must be reduced af
night or direc tionally beamed in order to avoid interference, which reduces the potential
nighttime audience. Some stations have frequencies unshared with other stations in North
America; these are called clear-channel stations. Many of them can be heard across much
of the country at night. This is not to be contused with Clear Channel Communications,
merely a brand name, which currently owns many U.S. radio stations on both the AM and
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FM bands. During the night, this absorption largely disappears and permits signals to
travel to much more distant locations via ionospheric reflections. However, fading of the
signal can be severe at night.

AM radio transmitters can transmit audio frequencies up to 15 kHz {now limited to

10 kHz in the US due to FCC rules designed o reduce interference), but most receivers
are only capable of reproducing frequencies up to 5 kHz or less. At the time that AM
broadeasting be gan in the 19208, this provided adequate fidelity for existing
microphones, 78 rpm recordings, and loudspeakers. The fidelity of sound equi pment
subsequently improved considerably, but the receivers did not. Reducing the bandwidth
of the receivers reduces the cost of manufac turingand makes them less prone o
interference. AM stafions are never assi gned adjacent channels in the same service area.
This prevents the sideband power generated by two stations from interfering with each

other. Bob Carver created an AM stereo tuner employing noteh filtering that
demonstrated that an AM broadeast can meet or exceed the 15 kHz baseband bandwidth

allocted o FM stations without objectionable interference, After several years, the uner
was discontinued. Bob Carver had left the company and the Carver Corporation later cut
the number of models produced before discontinuing production completely. AM stereo
broadeasts declined with the advent of HD Radio.

FM
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FM radio bmadcast stations in 2006

FM refers to frequency modulation, and eccurs on VHF airwaves in the frequenc y range
of 88 to 108 MHz everywhere (except Japan and Russia). Japan uses the 76 to 90 MHz
band. Russia has two bands widely used by the Soviet Union, 65.9 to 74 MHz and 87.5 to
108 MHz worldwide siandard. FM stations are much more popular since higher sound
tidelity and stereo broadeasting became commeon in this format.

FM radio was invented by BEdwin H. Armstrong in the 1930s for the specific purpose of
overcoming the interference problem of AM radio, to which it is relatively immune. At
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the same time, greater fidelity was made possible by spacing stations further a part.
Instead of 10 kHz apart, as on the AM band in the US, FM channels are 200 kHz

(0.2 MHz) apart. In other countries greater spacing is sometimes mandatory, such as in
Mew Zealand, which uses 700 kHz spacing (previously 800 kHz). The improved fidelity
made available was far in advance of the andio equipment of the 1940s, but wide
interchannel spacing was chosen to take advanta ge of the noise-suppressing feamre of
wideband FM.

Bandwidth of 200 kHz is not needed o accommodate an andio signal — 20 kHz to

30 kHz is all that is necessary for a narrowband FM signal. The 200 kHz bandwidth
allowed room for £75 kHz signal deviation from the assigned frequency, plus guard
bands to reduce or eliminate adjacent channel interference. The larger bandwidth allows
for broadeasting a 15 kHz bandwidth audio signal plus a 38 kHz stereo "subearrier”—a
pigeyvback signal that rides on the main signal. Additional unused capacity is used by
some broadeasters to transmit utility funetions such as background music for public
areas, GP S auxiliary signals, or financial market data.

The AM radio problem of interference at night was addressed in a different way. At the
time FM was set up, the available frequencies were far higher in the spectrum than those
used for AM radio - by a factor of approximately 100, Using these frequencies meant that
even at far higher power, the range of a given FM signal was much shorter; thus its
market was more local than for AM radio. The reception range at night is the same as in
the davtime.

The original FM radio service in the U.S. was the Yankee Network, located in New
E|1Lla|1d Regular FM broadeasting began in 1939, but did not pose a significant threat to
the AM broadeasting industry. It required purchase of a special receiver. The frequencies
used, 42 to 50 MHz, were not those used today. The change to the current frequencies, 38
to 108 MHz, began after the end of World War IT, and was 1o some extent imposed by
AM broadeasters as an attempt to cripple what was by now realized to be a potentially
serious threat.

FM radio on the new band had to begin from the ground floor. As a commereial venture
it remained a little-used andio enthusiasts' medium until the 1960s. The more pros perous
AM smations, or their owners, acquired FM licenses and often broadcast the same
programming on the FM station as on the AM station {"simuleasting"). The FCC limited
this practice in the 1970s. By the 19808, since almost all new radios included both AM
and FM tuners, FM became the dominant medium, especially in cities. Because of its
ereater range, AM remained more common in rural environments,

Pirate radio
Pirate radio is radio broadeasting not sanctioned by the regulations of the origimting
country. Pirate radio may be a commercial enterprise supported by advertising targeted to

listeners in the reception area, or may be privately run for entertainment, or political
reasois, sometimes on a very small scale covering only a few city blocks,
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Terrestrial digital radio

Digital radio broadeasting has emerged, first in Europe {the UK in 1995 and Germany in
1999, and later in the United States, France, the Netherlands, South Africa and many
other countries worldwide. The most simple system is named DAB Digital Radio, for
Digital Audio Broadeasting, and uses the public domain EUREK A 147 (Band 1T}
system. DAB is used mainly in the UK and South Africa. Germany and Holland use the
DAB and DAB+ systems, and France use the L-Band system of DAB Digital Radio.

In the United States digital radio isn't used in the same way as Europe and South Africa.
Instead, the IBOC system is named HD Radio and owned by a consortium of private
companies that is called iBiquity. An international non-profit consortium Digital Radio
Mondiale (DRM), has introduced the public domain DREM system.

Satellite

Satellite radio broadcasters are slowly emerging, but the enormous entry costs of space-
based satellite fransmiftters, and restrictions on available radio spectrum licenses has
restricted growth of this market. In the USA and Canada, just two services, XM Satellite
Radio and Sirius Satellite Radio exist. Both XM and Sirins are owned by Sirius XM
Radio, which was formed by the merger of XM and Sirius on July 29, 2008, whereas in
Canada, XM Radio Canada and Sirius Canada remain separate companies.

Program formats

Radio program formats differ by country, regulation and markets. For instance, the 1.5,
Federal Communications Commission designates the 88-92 megahertz band in the U.5.
for non-profit or educational programming, with advertising prohibited.

In addifion, formats change in popularity as time passes and technology improves. Barly
radio equipment only allowed program material to be broadeast inreal time, known as
live broadeasting. As technology for sound recording improved, an increasing proportion
of broadeast programming used pre-recorded material. A current trend is the automation
of radio stations. Some stations now operate without direct human intervention by using
entirely pre-recorded material sequenced by computer control.
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Chapter 5

Broadcasting

Broadcasting is the distribution of audio and video content to a dispersed audience via
radio, television, or other. Receiving parfies may include the general public or a relatively
large subset of thereot.

Broadeasting antenna in Stutigart
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The original term broadeast referred to the literal sening of seeds on fams by scattering
them over a wide field. It was first adopted by early radio engineers from the Midwestern
United States to refer to the analogous dissemination of radio signals. Broadeasting forms
a very large segment of the mass media. Broadeasting to a very narrow range of audience
is called narroweasting.

Forms of electronic broadcasting
Historically, there have been several different types of electronic broadeasting media:

« Telephone broadeasting { 188 1-1932): the earliest form of electronic broadeasting
(not counting data services offered by stock telegraph companies from 1867, it
ticker-tapes are excluded from the definition). Telephone broadeasting began with
the advent of Thé&irophone (" Theatre Phone") systems, which were telephone-
based distribution systems allowing subseribers fo listen to live opera and theatre
performances over telephone lines, ereated by French inventor Clément Ader in
1881, Telephone broadeasting also grew to include telephone news paper services
for news and enftertainment programming which were introdveed in the 1390k,
primarily located in large Buropean cities. These telephone-based subseription
services were the first examples of electrical/elec tronic broadeasting and offered a
wide variety of programming.

« Radio broadeasting {experimentally from 1906, commercially from 1920): radio
broadeasting is an audio (sound) broadeasting service, broadeast through the air as
racdio waves from a transmitfer to an antenna and, thus, to a receiving device.
Stations can be linked in radio networks to broadcast common programming,
either in syndication or simulcast or both.

« Television broadeasting (telecast), experimentally from 1925, commercially from
the 1930s: this video-programming medium was long-awaited by the general
public and rapidly rose to compete with its older radio-broadeasting sibling.

# Cable radio {also called "cable FM", from 19281 and cable television (from 1932):
both via coaxial cable, serving principally as transmission mediums for
programming produced at either radio or television stations, with Lini ted
produetion of cable-dedicated programming.

« Satellite television (from circa 1974) and satellite radio (from circa 1990): meant
for direct-to-home broadeast programming (as opposed to stdio network uplinks
and downlinks), provides a mix of traditional radio or television broadeast
programming, or both, with satellite-dedicated programming.

«  Webcasting of video/television (from circa 1993) and audio/radio (from circa
1994) streams: offers a mix of raditional radio and television station broadeast
programming with internet-dedicated webeast programming,

Economic models

Economically there are a few wavs in which stations are able to broadeast confinuallv.
Each differs in the method by which stations are funded:
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# in-kind donations of time and skills by voluntesrs (common with community
broadeasters)

direct government payments or operation of public broade asters

indirect government payvments, such as radio and television licenses

erants from foundations or business entities

selling advertising or sponsorships

public subseription or mem bership

Broadeasters may rely on a combination of these business models. For example, Mational
Public Radio, a non-commercial network within the U S, receives grants from the
Corporation for Public Broadeasting (which, in turn, receives funding from the U.S.
government), by public membership and by selling "extended credits" fo corporations.

Recorded broadcasts and live broadcasts

L.

A ftelevision studio control room in Olympia, Washington, Aungust 2008,

The first regular television broadeasts began in 1937. Broadeasts can be classified as
"recorded” or "live". The former allows correcting errors, and removing superfluous or
undesired material, rearranging it, applying slow-motion and repefitions, and other
techniques to enhance the program. However, some live events like sports telecasts can
inelude some of the aspects ine luding slow-motion clips of important goals/hits, ete., in
between the live telecast.
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American radio-network broadeasters habimally forbade prerecorded broadeasts in the
19305 and 1940 requiring radio programs played for the Eastern and Central time zones
to be repeated three hours later for the Pacific time zone. This restriction was dropped for
special ocecasions, as in the case of the German diri gible airship Hinden burg disaster at
Lakehurst, New Jersey, in 1937. During World War I1, preecorded broadeasts from war
correspondents were allowed on U8, radio. In addition, American mdio programs were
recorded for playback by Armed Forces Radio stations around the world.

A disadvantage of recording first is that the public may know the outcome of an event
from another source, which may be a "spoiler”. In addition, prerecording prevents live
announcers from deviating from an officially approved seript, as oceurred with
propaganda broadecasts from Germany in the 1940s and with Radio Moscow in the 1980s.

Many events are advertised as being live, although they are often "recorded live"
{sometimes called "live-to-tape™). This is particularly rue of performances of musical
artists on radio when they visit for an in-smdio concert performance. Similar simations
have occurred in television ("The Cosby Show is recorded in front of a live studio
andience") and news broadeasting.

A broadeast may be distributed through several physical means. If coming directly fiom
the studio at a single radio or television station, it is simply sent through the air ¢ hain to
the ransmifter and thence from the antenna on the tower ouf to the world. Programming
may also come through a eommunications satellite, played either live or recorded for later
transmission. Networks of stations may simuleast the same programming at the same
time, originally 1ia microwave link, now usually by satellite.

Distribution to stations or networks may also be through physical media, such as analog
or digital videotape, compact dise, DVD, and sometimes other formats. Usnally these are
ineluded in another broadeast, such as when electronic news gathering remurns a story to
the station for inclusion on a news programime.

The final leg of broadeast distribufion is how the signal gefs to the listener or viewer. It
mav come over the air as with a radio station or television station to an antenna and
receiver, or may come through cable television or cable radio {or "wireless cable") va the
station or directly from a network. The Internet may also bring either radio or felevision
to the recipient, especially with mulficasting allowing the signal and bandwidth to be
shared.

The term "broadeast network” is often used to distinguish networks that broadeastan
over-the-air television signal that can be received using a television antenm from so-
called networks that are broadeast only via cable or satellite television. The term
"broadcast television” can refer to the programming of such networks.
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Legal definitions
United Kingdom

The Copyright, Designs and Patents Actof 1988 defines a broadeast as "a transmission
by wireless tele graphy of visual images, sounds, or other information which is capable of
lawful reception by the public or which is made for presentation to the public”. Thus, it
covers radio, television, teletext and telephones.

Social impact

The sequencing of content in a broadcast is called a schedule. As with all technological
endeavours, a number of tec hnical terms and slang have developed. A list of these terms
can be found at List of broadeasting terms. Television and radio programs are distri buted
through radio broadcasting or cable, often both simultaneously. By coding signals and
having decoding equipment in homes, the latter alse enables subscription-based channels
and pay-per-view services,

In his essav, John Durham Peters wrote that communication isa tool used for
dissemination. Durham stated, “Dissemination is a lens- sometimes a usefully distorting
one- that helps us tackle basic issues such as interaction, presence, and space and
time...on the agenda of any future communication theory in general™ (Durham, 211).
Dissemination focuses on the message being relayed from one main source to one large
andience without the exc hange of dialopue in between. There’s chance for the message to
be tweaked or corrupted once the main source releases it. There is really no way t©
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predetermine how the larger population or audience will absorb the message. They can
choose to listen, analyze, or simply ignore it. Dissemination in communicafion is widely
used in the world of broadeasting,

Broadeasting focuses on getting one message out and it is up to the geneml public to do
what they wish with it. Durham also states that broadcasting is used to address an open
ended destination (Durham, 212). There are many forms of broadcast, but they all aim fo
distribute a signal that will reach the target audience. Broadeasting canarrange audiences
into entire assemblies (Durham, 213).

In terms of media broadecasting, a radio show can gather a large number of followers who
fune in every day to specificall v listen o that specific disc jockey. The disc jockey
follows the script for his or her radio show and just talks into the microphone. He or she
does not expect immediate feedback from any listeners. The message is broadeast across
airwaves throughout the community, but there the listeners cannot always respond
immediately, especially since many radio shows are recorded prior fo the acmal air time.

WORLD TECHNOLOGIES




Chapter 6

Magnifyving Transmitter

e e

The magnityving transmitter was designed to implement Wireless energy transmission by
means of the disturbed charge of ground and air method,

The magnifyving transmitter is an advanced version of Tesla coil transmitter. Itisa high

power harmonic oseillator that Nikola Tesla intended for the wireless transmission of
electrical energy. In his antobiography, Tesla stated that "...I feel certain that of all my
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inventions, the Ma gnifying Transmitter will prove most important and valuable to future
generations.” The magnifving ransmitter is an air-core, multiple-resonant transformer
thatcan generate very high voltages.

History
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A publicity photo of Nikola Tesla sitting in the Colomde Springs experimental saiion
with his "Magmifdng Transmige . The ares are about 22 feet (7 m) long. {Tesla's notes
identify this as a double exposure.)

The first Magnifier' was assembled in New York City between 1895 - 1898 In 1899 a
larger ma gnifier was constructed in Colorado Springs, Colorado. This machine was used
to conduet fundamental experiments in wireless telecommunications and electrical power
transmission. Measuring fiftv-one feet {15.5 m) in diameter, it developed a working
potential estimated at 3.5 million to 4 million volts and was capable of producing
electrical discharges exceeding one mndred feet (30 m) in length.
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Tesla's Colorado lab was located in a highly geomagnetic location.

In 1899, Tesla moved his research to Colorado Springs. He chose this location because
the polyphase alternating current power distribution system had been introduced there
and he had associates who were willing to give him all the power he needed without
charging for it. He kepta handwritten diary of his experiments in the Colorado Springs
lab where he spent nearly nine months. It consists of 500 pages of notes and nearly 200
drawings, recorded chronologically between June 1, 1899 and January 7, 1900, as the
work eccurred, containing explanations of his experiments.

Tuned electrical circuits

While in Colorado, Tesla constructed many smaller resonance transformers and

condue ted further research on concatenated tuned electrical eircuits. Tesla also designed
various sensitive devices for detecting received electrical energy, including rofating
coherers. These used a clockwork mechanism of gears driven by a coiled spring-drive
which rotated a small glass evlinder containing metal filings. These experiments were the
final stage after years of work on synchronized muned electrical cirenits. These
instruments were constructed to demonstrate howa wireless receiver could be "tuned" o
respond to a specific complex signal while rejecting others. Tesla logeed in his diary on
January 2, 1900 that a separate resonance transtormer funed to the same high frequency
as a larger high-volta ge resonance ranstormer (which acted as a transmitter) received
energy from the larger coil, one of many demonstrations of the wireless fransmission of
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electrical energy. These experiments helped to confirm Tesla's priority in the invention of
radio during later disputes in the courts. These air core high-frequency resonant coils
were the predecessors of systems ranging from radio to medical nuelear magnetic
resonance imaging,.

Energy transmission

On July 3, 1899, Tesla claimed to have discovered terrestrial stationary waves or standing
waves extending across the earth to the antipode opposite his ransmitter. He
demonstrated that Barth behaves as a smooth polished conductor of very low resistance,
and that it responds to certain predescribed frequencies of electrical vibrations. He
condue ted experiments that contributed to our understanding of electromagnetic
propagation and the earth electrical resonances.

Tesla researched ways to transmit energy wirelessly over long distances, first by
transverse waves, and then, possibly, by longitudinal waves. He fransmitted extremely
low frequency current through the earth with associated electric field energy propagating
along the space between the Barth's surface and the Kennelly-Heaviside layer. He
received patents on wireless ransceivers designed o develop terrestrial standing waves
b this method.

The magnitying ransmitter was the basis for Tesla's Wardenclyfte Tower project.
Although modern Tesla coils are designed to generate spark discharges, this system was
designed for wireless telecommunications and electrical power trarsmission. In 1925,
John B. Flowers advanced a proposal to test Tesla's system and to implement the system.
H. L. Curtis, the chief of the Bureau of Standards Radio Laboratory in Washington D.C.,
and J. H. Dillinger, a physicist, reviewed the proposal but declined to implement the
proposed plan. Flowers's mechanical analogy fest was suecessful, though,

Electromechanical oscillator

Tesla developed the reciprocating elec tro-mechanical oscillator as a source of frequency
stable or isochronous alternating elec fric current used in conjune ion with both wireless
transmitting and receiving apparams. This cirenit element was applied in the same
manner as quartz crystal oscillators are now. He also proposed the use of this device for
geophysical exploration by means of seismology—a tec hnique that he called
felegeodwmamics.
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Magnifying transmitter and the Wardenclyffe Tower

Trnsminer demils

The electrical
oscillator, cited bw Dr.
Tesla as his most
important and greatest
invention, consists of
three indue tors:

® anair-core
transformer
{twio-coil
Mmaster
oscillator)

« @ third coil
{exctra coil)

The "extra coil"
operates as a base-
driven quarter-wave
helical resonatar.

The layout of the Wardene lvtfe magnifying ransmitter is well known, based upon Tesla's
patents and various photographs in which the concept was implemented. The magnifying
transmitter is not identical to the classic Tesla coil. It has the short thick primary and
secondary inductor characteristic of the Tesla coil, although magnetic coupling between
the two is tighter. Because of this, more aggressive measures have to be taken in terms of
primary spark quenc hing and providing additional insulation between the primary and
secondary. In addition to these two large-diameter coils that comprise the master
oscillator, Tesla added a third inductor called the "extra coil.”

Construction and theory of operation

In a ¢lassic Tesla coil the primary drives the ground end of the secondary coil to form the
driver ransformer, which resonafes the entire secondary coil. In the magnifving
transmitter the driving and resonating parts of the secondary are separate coils. From a
circuit analysis standpoint, there is little difference between the classic coil and the

ma gnifier,

The extra coil or helical resonator can be physically separated from the two close-coupled
coils, which comprise the masrer oseillator or driver section. The power from the master
oscillator is fed fo the lower end of the exfra coil resonator through a large diameter
electrical conductor or pipe to minimize corona discharge. The magnifying transmitier's
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base-driven extra coil behaves as a slow-wave helical resonator, the axial disturbance
propagating ata velocity of less than 1% up o around 10°4 the speed of light in free
space. The axial velocity of the resonator's charge-coupled elec romagnetic field is
established by the coil pitch and electrical ¢ harge propa gation speed through the circuit.

Operation

At Colorado Springs Tesla used his magnifving ransmitter in an attempt to artificially
stimulate terrestrial standing waves. Based upon observations made with the deviee,
Tesla reported that earth resonance modes involving an electric current flowing through
the earth can be excited. He claimed to have discovered a fundamental earth resonance
frequency of nearly 11.78 Hz, which is somewhat higher than the fundamantal earth-
jonosphere cavity Schumann resonance found to exist by researc hers in the 1950s in the
general vieinity of 7.3 Hz.

In normal operation the magnitving transmitter is relatively silent, generating a high

power electric field, but if the output voltage exceeds the design voltage of the elevated
terminal, high-voltage sparks will sirike out from the electrode into the air.
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Chapter 7

Wireless Energy Transfer

Wireless energy transfer or wireless power is the transmission of electrical energy from
a power source fo an elecirical load without interconnecting wires, Wireless ransmission
is useful in cases where interconnecting wires are inconvenient, hazardous, or im possible.
The problem of wireless power transmission differs from that of wireless
telecommunications, such as radie. In the later, the proportion of energy received
becomes eritical only it it is foo low for the signal to be distinguished from the

bac keround noise. With wireless power, efficiency is the more significant parameter. A
large part of the energy sent ont by the generating plant must arrive af the receiver or
receivers to make the svstem economical .

The most commen form of wireless power ransmission is carried out using direct
indue fion followed by resenant magnefic induction. Other methods under consideration
inelude elec troma gnetic radiation in the form of mic rowaves or lasers.

Electric energy transfer

An electrie current flowing through a conductor carries electrical ener gy, When an
electric current passes through a eircuit there is an electric field in the dielectric
surrounding the conductor; ma gnetic field lines around the conductor and lines of electric
force radiallv about the conductor.

In a direct current circuit, if the current is continuous, the fields are constant; there is a
condifion of stress in the space surrounding the conductor, which represents stored
electric and magnetic energy, just as a compressed spring or a moving mass re presents
stored energy. In an alternating eurrent cire nit, the fields also alternate; that is, with every
half wave of current and of voltage, the ma gnetic and the electric field start at the

condue tor and run cutwards into space with the velocity of light. Where these alternating
fields impinge on another conductor a voltage and a current are induced.

Any change in the elecirical conditions of the cirenit, whether internal or external
invelves a readjustment of the stored ma gnetic and electric field energy of the circuit, that
is, a so-called transient. A transient is of the general character of a condenser discharge
through an inductive circuit. The phenomenon of the condenser discharge through an
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indue tive eircuit therefore is of the greatest importance to the engineer, as the foremost
canse of high-voltage and high-frequency roubles in electric circuits.

Electromagnetic induction is proportional to the intensity of the current and voltage in the
condue tor which produces the fields and to the frequency. The higher the frequency the
more intense the induction effect. Energy is transferred from a conductor that produces
the fields (the primary) to any conductor on which the fields impinge (the secondary).
Part of the energy of the primary conductor passes induetively across space into
secondary conductor and the energy decreases rapidly along the primary conductor. A
high frequency current does not pass for long distances along a conductor but rapidly
transters its energy by induction to adjacent conduc tors. Higher indue tion resulting from
the higher frequency is the explanation of the apparent difference in the propagation of
high frequency disturbances from the propagation of the low frequency power of
alternating current systems. The higher the frequency the more preponderant become the
indue tive effects that transfer energy from cirenit to circuit acwss space. The more
rapidly the energy decreases and the current dies out along the eircuit, the more local is
the phenomenon.

The flow of electric energy thus comprises phenomena inside of the conductor and
phenomena in the space outside of the conductor—the electric field—which, ina
continuous eurrent eircuit, is a condition of steady magnetic and dielec tric stress, and in
an alternafing current circuit is alternating, that is, an electric wave launched by the
conductor to become far-field electromagnetic radiation raveling through space with the
velocity of light.

In electric power transmission and distribution, the phenomena inside of the conductor
are of main importance, and the electrie field of the conducter is usnally observed only
incidentally. Inversely, in the use of electric power for mdie telecommunications it is
only the electric and magnetic fields outside of the conduetor, that is electroma gnetic
radiation, which is of im portance in transmitting the message. The phenomenon in the
condue tor, the current in the laune hing structure, is not used.

The electric charge displacement in the conductor produces a magnetic field and resultant
lines of electric force. The magnetic field is a maximum in the direction concenric , or
approximately so, o the conductor. That is, a ferromagnetic body tends o sef iselfina
direction at right angles to the conductor. The electric field has a maximum in a direction
radial, or approximately so, to the conductor. The electric field com ponent tends in a
direction radial to the condue tor and dielectric bodies may be attracted or repelled
radiallv to the conductor.

The electric field of a circuit over which energy flows has three main axes at right angles
with each other:

1. The magmetic field, concentric with the conductor.
2. The lines af eleetric foree, radial o the conductor,
3. The power gmdiens, parallel to the conductor.
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Where the electric cireuit consists of several conductors, the electric fields of the

conduc tors superimpose upon each other, and the resultant magnetic field lines and lines
of electric foree are not concentric and radial respectively, except approximaiely in the
immediate nei ghboroad of the conductor. Between parallel conductors they are
conjugate of circles. Neither the power consumption in the conductor, nor the magnetic
field, nor the electric field, are proportonal to the flow of energy through the cirenit.
However, the product of the intensity of the magnetic field and the intensity of the
electric field is proportional to the flow of energy or the power, and the power is
therefore resolved into a product of the two components i and e, which are chosen
proportional respectively to the intensity of the magnetic field and of the electric field.
The component called the current is defined as that factor of the electric power which is
proportional fo the magnetic field, and the other component, called the voltage, is defined
as that factor of the electric power which is proportional to the elecric field.

In radio telecommunications the elec tric field of the transmit antenna propagates through
space as a radio wave and impinges upon the receive antenna where it is observed by its
ma gnetic and electric effect. Radio waves, microwaves, infrared radiation, visible light,
ultraviolet radiation, X rays and gamma rays are shown to be the same electromagnetic
radiation phenomenon, differing ene from the ather only in frequency of vibration.

Electromagnetic induction

Energy transfer by elec tromagnetic induc tion is typically magnetic but capacitive
coupling can also be achieved.

Electrodvnamic induction method

The electrodynamic induction wireless transmission technique is near field over distances

up to about one-sixth of the wavelength used. Near field energy itself is non-radiative but
some radiative losses do occur. In addition there are usually resistive losses. With
electrodynamic induction, elecric current flowing through a primary coil creafes a

ma gnetic field that acts on a secondary coil produeing a current within it. Coupling must
be tight in order to achieve high efficiency. As the distance from the primary is increased,
more and more of the magnetic field misses the secondary. Even over a relatively short
range the inductive coupling is grossly inefficient, wasting much of the fransmifted
energy.

This action of an electrical ranstormer is the simplest form of wireless power
transmission. The primary and secondary eircuits ofa transtormer are not directly
connected. Energy transfer takes place through a process known as mutual induection.
Principal functions are stepping the primary voltage either up or down and electrical
isolation. Mobile phone and electric toothbrush battery chargers, and electrical power
distribution transformers are exam ples of how this principle is used. Induction cookers
use this method. The main drawback to this basic form of wireless transmission is short
range. The receiver must be directly adjacent to the transmitter or induetion unit in omder
to efficiently couple with it.
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The application of resonance improves the situation somewhat. When resonant coupling
is used the ransmitter and receiver inductors are mned to a mutual frequency and the
drive current is modified from a sinusoidal to a nonsinusoidal ransient waveform. Pulse
power transfer oceurs over multiple eyeles. In this way significant power may be
transmitted over a distance of up to a few times the size of the primary coil. Transmitting
and receiving coils are usually single layer solenoids or flat spirals with series capacitors,
which, in combination, allow the receiving element to be tuned to the transmitter

frequency.

Common uses of resonance-enhanced electrodynamic induction are ¢ harging the batteries
of portable devices such as laptop computers and cell phones, medical implants and
electric vehicles. A localized charging technique selects the appropriate transmitfing coil
in a multilayer winding array structure. Resonance is used in both the wireless charging
pad (the transmitter cirenit) and the receiver module {embedded in the load) to maximize
energy transfer efficiency. This approach is snitable for universal wireless charging pads
for portable elec ronics such as mobile phones. It has been adopted as part of the Qi
wireless charging standard.

Itisalse used for powering devices having no bafteries, such as RFID patehes and
contactless smarteards, and to couple elec frical energy from the primary inductor to the
helical resonator of Tesla coil wireless power transmitters.

Electrostatic induction miethod
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The Tesla effect. is the illumination of two exhausted tubes by means of a powertul,
rapidly alternating elecrostatic field created berween two vertical metal sheets suspended
from the ceiling on insulating cords. It exploits the physics of electrostatic induction.

Electrostatic or capacitive coupling is the passage of elec trical energy through a
dielectric. In practice it is an electric field gradient or differential capacimnee berween
two or more insulated terminals, plates, electrodes, or nodes that are elevated overa
condue ting ground plane. The electric field is created by an alternating current of high
potential and high frequency. The capacitance between fixed plates and the powered
deviee form a voltage divider,

The electric energy ransmitted through the atmosphere can be uiilized by receiving
devices. Tesla demonstrated the illumination of wireless lamps by energy that was
coupled to them through an alternating elec tric field.

"Instead of depending on elecfrodwamic induciion ata distance fo light the mbe . | | [the]
ideal way of lighting a hall or room would . . . be to produce such a condition in it thatan
illuminating device could be moved and put anywhere, and that it is lighted, no matter
where it is put and without being electrically connected to anything. I have been able to
produce such a condition by ereating in the room a powertul, rapidly alfernating
elecimstatic ficld. For this purpose I suspend a sheet of metal a distance from the ceiling
on insulating cords and connect it o one terminal of the induc tion coil, the other ferminal
being preferably connected to the ground. Or else I suspend two sheets . . . each sheet
being connee ted with one of the terminals of the coil, and their size being carefully
determined. An exhausted mbe mav then be carried in the hand anvwhere between the
sheets or placed anywhere, even a certain distance beyond them; it remains always
luminous."

The principle of elec rostatic induction is applicable to the electrical condue tion wireless
transmission method.

Electromagnetic radiation

Far field methods achieve longer ranges, often multiple kilometer ranges, where the
distance is much greater than the diameter of the device(s). The main reason for longer
ranges with radio wave and optical devices is the fact that electromagnetic radiation in
the far-field can be made to mateh the shape of the receiving area {using high directivity
anfennas or well-collimated Laser Beam) thereby delivering almostall emitted power at
long ranges. The maximum directivity for antennas is physically limited by diffrac tion.

Beamed power, size, distance, and efficiency
The size of the components may be dictated by the distance from transmitter to receiver,

the wavelength and the Rayleigh criterion or diffraction limit, used in standard radio
frequency antenna design, which also applies to lasers. In addition to the Rayleigh
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criterion Airy's diffraction limit is also frequently used to determine an approximate spot
size at an arbitrary distance from the apermure.

The Rayleigh criterion dictates that any mdio wave, microwave or laser beam will spread
and become weaker and diffuse over distance; the larger the transmitter antenna or laser
aperture compared fo the wavelength of radiation, the tighter the beam and the less it will
spread as a function of distance {(and vice versa). Smaller antennae also sutfer from
excessive losses due to side lobes. However, the concept of laser aperture considera bly
differs from an antenna. Typically, a laser aperture much larger than the wavelength
induces multi-moded radiation and mostly collimators are used before emitted radiation
couples into a fiber or into space.

Ultimately, beamwidth is physically determined by diffraction due fo the dish size in
relation to the wavelength of the electromagnetic radiation used to make the beam.
Microwave power beaming can be more efficient than lasers, and is less prone to
atmospheric atfenuation cansed by dust or water vapor losing atmosphere to vaporize the
water in contact.

Then the power levels are caleulated by combining the above parameters fogether, and
adding in the gains and losses due to the antenna characteristics and the transparency and
dispersion of the medinm through which the radiation passes. That process is known as
caleulating a link budget.

Microwave me thind

An artist's depiction of a solar satellite that could send electric energy by microwaves to a
space vessel or planetary surface.
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Power ransmission via radio waves can be made more directional, allowing longer
distance power beaming, with shorter wavelengths of electromagnetic radiation, typically
in the microwave range. A rectenna may be used to convert the microwave energy back
into electricity. Rectenna conversion efficiencies exceading 95% have been realized.
Power beaming using microwaves has been proposed for the tmnsmission of energy from
orbiting solar power satellites to Barth and the beaming of power to spacecraft leaving
orbit has been considered.

Power beaming by microwaves has the difficulty that for most space applications the
reqquired aperture sizes are very large due fo difftaction limiting antenna directionality.
For example, the 1978 NASA Study of solar power satellites required a 1-km diameter
ransmitting antenna, and a 10 km diameter receiving recfenna, for a microwave beam at
2.45 GHz. These sizes can be somewhat decreased by using shorter wavelengths,
although short wavelengths may have difficulties with atmospheric absorption and beam
bloc kage by rain or water droplets. Because of the "thinned array curse." it is not possible
to make a narrower beam by combining the beams of several smaller satellites.

For earthbound applications a large area 10 km diameter receiving array allows large
total power levels to be used while operating at the low power density suggested for
human electromagnetic exposure safety. A human safe power density of 1 mW/em”
distributed acrossa 10 km diameter area corresponds to 750 megawatts total power level.
This is the power level found in many modern electric power plants.

Following World War IT, which saw the development of high- power microwave emitters
known as cavity magnetrons, the idea of using microwaves fo ransmit power was
researched. By 1964 a miniature helicopter propelled by microwave power had been
demonstrated.

Japanese researcher Hidetsugn Yagi also investigated wireless energy ransmission using
a directional array antenna that he designed. In February 1926, Yagi and Uda published
their first paper on the tuned high-gain directional array now known as the Yagi antenna.
While it did not prove to be particularly useful for power transmission, this beam anfenna
has been widely adopted throughout the broadeasting and wireless tel scommunica fions
industries due to its excellent performance characteristics.

Wireless high power transmission using microwaves is well proven. Experiments in the
tens of kilowatts have been performed at Goldstone in California in 1975 and more

recently (1997} at Grand Bassin on REeunion Island. These methods achieve distances on
the order of a kilometer.
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Laser method
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With a laser beam centered on its panel of photoveltaic cells, a li ghtweight model plane
makes the first tlight of an aircraft powered by a laser beam inside a building at NASA
Marshall Space Flight Cenfer.

In the case of electromagnetic radiation closer o visible region of spectrum (10s of
microns {um) to 108 of nm), power can be transmitted by converting electricity into a
laser beam that is then pointed ata solar cell receiver. This mechanism is generally
known as "powerbeaming” because the power is beamed at a receiver that can convert it
to usable electrical energy.

Advantages of laser based energy transfer compared with other wireless methods are:

1. collimated monochromatic wavetfront propagation allows narrow beam cross-
section area for energy transmission over large mnges.

WORLD TECHNOLOGIES




2. compact size of solid state lasers-photovoltaics semiconduc tor diodes fit into into
small produets.

3. no radio-frequency interference fo existing radio communication such as Wi-fi
and cell phones.

4. control of access; only receivers illuminated by the laser receive power.
Its drawbacks are:

1. Conversion to light, such as with a laser, is inetficient

Conversion back into electricity is inefficient, with photovolaic cells achieving

40P4-5004 efficiency. (Note that conversion efficiency is rather higher with

monoc hromatic light than with insolation of solar panels).

3. Ammospheric absorption causes losses.

4. Aswith microwave beaming, this method requires a direct line of sight with the
arget.

-3

The laser "powerbeaming” technology has been mostly explored in military weapons and
aerospace applications and is now being developed for commercial and eensumer
electronics Low-Power applications. Wireless energy tmnsfer system using laser for
consumer space has to satisfy Laser safety requirements standardized under IEC 60825,

To develop an understanding of the trade-offs of Laser ("a special tvpe of light wave"-
based svstem):

. Propagation of a laser beam {on how Laser beam propagation is much less
affected bv diffrac tion limits)

2. Coherence and the range limitation problem {on how spatial and spectral
coherence characteristics of Lasers allows befter distance- to-power capabilities )

3. Alry disk {on how wavelength fundamentally dictates the size of a disk with
distance)

4. Applications of laser diodes (on how the laser sources are utilized in various
indusiries and their sizes are reducing for better integration)

Geoffrey Landis is one of the pioneers of solar power satellite and laser-based transfer
of energy especially for space and lunar missions. The continuously increasing demand
for safe and frequent space missions has resulted in serious thoughts on a futuristic space
elevator that would be powerad by lasers. NASA'S space elevator would need wireless
power fo be beamed fo it for it o climb a fether,

WASA'S Dryden Flight Research Center has demonstrated tlight of a li ghtweight
unmanned model plane powered by a laser beam. This proof-of-concept demonstrates the
feasibility of periodic recharging using the laser beam system and the lack of need to
return to ground.

"Lasermofive” demonsirated laser powerbeaming at one kilometer during NASA's 2009
powerbeaming contest. Also "Lighthouse DEV" (a spin off of NASA Power Beaming
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Team) along with "University of Maryland" is developing an eye safe laser system to
power a small TAV, Since 2006, "PowerBeam" which originally invented the eye-safe
technology and holds all erueial patents in this technolo gy space, is developing
commercially ready units for various consumer and industiial electronic products.

Electrical conduction

The Tesla coil wireless power ransmitter U.S, Patent 1,119,732
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Means for long conductors of electricity forming part of an electric cireuit and
electrically connecting said ionized beam to an electric circuit. Heftinger 1917 -(U1.5.
Patent 1,309.031)

Disturbed charge of gronnd and air method

Single wire with Barth return electrical power fransmission systems rely on current
flowing through the earth plus a single wire insulated from the earth to complete the
circuit. In emergencies high-veltage direct current power ransmission systems can also
operate in the single wire with earth return' mode. Elimination of the raised insulated
wire, and transmission of high-potential , high-frequency alternating current through the
earth with an atmospheric refurn circuit has been investigated as a method of wireless
electrical power ransmission. Transmission of electrical energy through the earth alone,
eliminating the second conductor is also being investi gated.

Low frequency alternating current can be transmitted through the inhomogensous earth
with low loss because the net resistance between earth antipedes is considerably less than
1 ohin. The electrical displacement takes place predominantly by electrical eondue tion
through the oceans, and metallie are bodies and similar subsurface struetures. The
electrical displacement is also by means of electrostatic indue tion through the more
dielectric regions such as quartz deposits and other non-conducting minerals.

Alternating current can be fransmiftted through atmospheric strata having a barometric
pressure of less than 135 millimeters of mereury. Current flows by means of elec trostatic
indue fion through the lower atmosphere up to about two or three miles above the plants
{this is the middle partin a three-space model) and the flow of ions, that is to say,
electrical condue tion through the ionized region above three miles. Intense vertical
beams of ultraviolet li ght may be used to ionize the atmospheric gasses directly above the
two elevated terminals resulting in the formation of plasma high-volnage electrical
transmission lines leading up to the conducting atmospheric strata. The end resultis a
flow electrical current between the two elevated terminals by a path up to and through the
roposphere and back down to the other facility. Electrical conduction through
atmospheric strata is made possible by the creation of capacitively coupled discharge
plasima through the process of atmospheric ionization.

Terrestrial tr amsmision line with atmospheric return

Tesla discoverad that electrical energy can be transmitted through the earth and the
atmosphere. In the course of his research he suceessfully lit lamps at moderate distances
and was able to detect the ransmifted energy at much greater distances. The
Wardenclyfte Tower project was a commercial venture for trans-Atlantic wireless
telephony and proof-of-concept demonstrations of global wireless power transmission.
The facility was not completed because of insufficient funding.

Barth is a naturally condue ting body and forms one conductor of the system. A second

path is established through the upper troposphere and lower stratosphere starting atan
elevation of approximately 4.5 miles (7.2 km).
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A plobal system for "the transmission of electrical energy without wires" called the
World Wireless System, dependent upon the high elecrical conductivity of plasma and
the high electrical conductivity of the earth, was proposed as early as 1904,

Terrstrial single-conductor surface wave ransmission lHne

The same transmitter used for the atmospheric conduction method is used for the
terrestrial single-conductor earth resonance method.

The fundamenial earth resonance frequency is claimed to be approximately 11.78 Hz,
With the earth resonance method some harmonic of this fundamental frequency is used.
"I would say that the frequency should be smaller then twenty thousand per second,
through shorter waves might be practicable” and on the low end, "a frequency of nine
hundred and twenty-five per second” is used, "when it is indispensable to operate motors
of the ordinary kind."

Observations have been made that may be inconsistent with a basic tenet of physics
related to the scalar derivatives of the electromagnetic potentials that are presently
considered to be nonphyical.

Timeline of wireless power

« 1820: André-Marie Ampére develops Ampere’s law showing that electric current
produces a magnetic field.

« 1831: Michael Faraday develops Faraday’s law of induction describing the
electromagnetic foree induced in a conductor by a time-varying ma gnetic flux.

« 1836: Nicholas Callan invents the electrical ransformer.

« 1864 James Clerk Maxwell synthesizes the previous observations, experiments
and equations of electricity, magnetism and optics into a consistent theory and
mathematically models the behavior of elec tromagnetic radiation.

« 1888: Heinrich Rudolf Hertz confirms the existence of elec tromagnetic radiation.
Hertz s "apparatus for genemiing electromagnetic waves" was a VHF or UHF
"radio wave" spark gap transmitter.

» 1891: Tesla improves Hertz-wave wireless transmitter RF power supply or exciter
in his patent No. 454,622, "System of Electric Lighting."

« 1893 Tesla demonstrates the wireless illumination of phosphorescent lamps of
his design at the World's Columbian Exposition in Chica go.

« 1893 Tesla publicly demonstrates wireless power before a meeting of the
Mational Electric Light Association in St. Louis.

« 1894: Tesla lights incandescent lamps wirelessly at the 35 South Fifth Avenue
laboratory in Mew York City by means of "electro-dynamic induc tion" or
resonant induetive coupling.

« 1894 Hutin & LeBlane, espouse long held view that inductive energy transfer
should be possible, they received U.S. Patent # 527,857 describing a system for
power ransmission at 3 kHz.
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1894: Jagdish Chandra Bose ignites punpowder and rings a bell ata distance
using electromagnetic waves, showing that communications signals can be sent
without using wires.

1896; Tesla demonstrates wireless fransmission over a distance of about

48 kilometres {30 mi).

1897: Tesla files his first patent application dealing specifically with wireless
transmission.

1899: Tesla continues his wireless power transmission research in Colorado
Springs and writes, "the inferiority of the induction method would appear
immense as compared with the diviurbed charge of ground and air method."
1902: Nikola Tesla vs. Reginald Fessenden - U S, Patent Interference No. 21,701,
System of Signaling (wireless); wireless power transmission, fime and frequency
domain spread spectrum telecommunications, electronic logic gtes in general.
1904: Atthe 5t Louis World's Fair, a prize is offered for a successtul attempt to
drive a 0.1 horsepower (75 W) airship motor by energy transmitted through space
at a distance of at least 100 feet (30 m).

1916: Tesla states, "In my [dis urbed charge of growund and air] system, vou
should free yourself of the idea that there is [eleetroma gnetic] radiation, that
energy is radiated. It is not radiated; it is conserved.”

1917 Tesla's Wardenclvife tower is demolished. | . .

1926: Shintaro Uda and Hidetsugu Yagi publish their first paper on Uda's "raned
high-gain direcrional array” better known as the Yagi antenna.

1961: William C. Brown publishes an article exploring possibilities of microwave
poWer ransmission.

1964: Brown demonstrates on CBS News with Walter Cronkite a model
helicopter that receives all of the power needed for flight from a microwave beam.
Between 1969 and 1975, Brown is technical director of a JPL Raytheon program
that beams 30 kKW over a distance of 1 mile at 84% efficiency.

1968: Peter Glaser proposes wirelessly transmitting solar ener gy captired in space
using "Powerbeaming” technology. This is nsually recognized as the first
description of a solar power satellite.

1971: Prof. Don Otto develops a small trolley powered by induction at The

University of Auckland, in New Zealand.

1973: The world's first passive RFID system is demonstrated at Los-Alamos
Mational Lab.

1975: Goldstone Deep Space Communications Complex does experiments in the
tens of kilowatts.

1988: A power electronics group led by Prof. John Boys at The University of
Auckland in New Zealand, develops an inverter using novel engineering materials
and power elecronics and conclude that power ransmission by means of
electrodynamic induetion should be achievable. A first prototype for a contact-
less power supply is built. Auckland Uniservices, the commercial company of
The University of Auckland, patents the technology.
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1989: Daifuku, a Japanese company, engages Auckland Uniservices Lid. to
develop technology for car assembly plants and materials handling providing
challenging technical requirements ine luding multi plicity of vehicles.

1990 Prof. John Boys team develops novel technology enabling multiple vehic les
to run on the same inductive power loop and provide independent control of each
vehicle. Aunckland UniServices Patents the technology.

1996: Auckland Uniservices develops an Electric Bus power system using
electrodynamic induction to charge {30-60 kW) opportunistical ly commencing
implementation in New Zealand. Prof John Boys Team commission Ist
commercial IPT Bus in the world at Whakarewarewa, in New Zealand.

1998: RFID tags are powerad by electrodynamic induetion over a few feet.

1999: Dr. Herbert L. Becker powers a lamp and a hand held fan from a distance of
30 feet.

1999: Prof. Shu Yuen (Ron) Hui and Mr. 5.C. Tang of the City University of
Hong Kong file a patent on "Coreless Printed-Circ nit-Board (PCB) transformers
and eperating techniques", which form the basis for future planar charging surface
with "vertical flux" leaving the planar surface. The circuit uses resonant circuits
for wireless power transfer. EP{GB)0935263B

2000: Prof. Shu Yuen {Ron) Hui invent a planar wireless charging pad using the
"vertical flux" approach and resonant power ransfer for charging portable
consumer electronic produets. A patent is filed on "A pparatus and method of an
indue five battery charger,” PCT Patent PCT/AU03/00 721, 2000,

2000: Based on the coreless PCB fransformer developed by Prof. Ron Hui, Prof.
B. Choi and his team at Kyungpook National University publish a paper on “A
new contactless battery charger for porta e telecommunication/computing
electronies,” in Proe. ICCE 00 Int. Conf. Consumer Eleeron., 2000, pp. 58-59,
The coreless PCB transformer is used to wirelessly charge a mobile phone.

2001 Prof. Shu Yuen (Ron) Hui and Dr. 5.C. Tang file a patent on "Planar
Printed-Circuit-Board Transformers with E ffective Elec troma gnetic Interference
(EMI) Shielding". The EM shield consists of a thin layer of ferrite and a thin layer
of copper sheet. It enables the underneath of the futire wireless charging pads to
be shielded with a thin EM shield struc ture with thickness of typically 0.7mm or
less, Patent; US6,501,364.

2001: Prot. Ron Hui's team demonstrate that the coreless PCB transtormer can
transmit power close to 100W in “A low-profile low-power converter with
coreless PCB isolation transformer, IEEE Transac tions on Power E lectronics,
Volume: 16Issue: 3, May 2001, A team of Philips Research Center Aachen, led
by Dr. Eberhard Waffenschimidt, use it to power an 100W lighting device in their
paper "Size advanta ge of coreless transtormers in the MHz range” in the
European Power Electronics Conference in Graz.

2001: Splashpower formed in the UK. Uses coupled resonant coils in a flat "pad”
style to ransfer tens of wafts into a variety of consumer devices, including lamp,
phone, PDA, iPod ete.

2002: Prof. Shu Yuen (Ron) Hui extends the planar wireless ¢ harging pad concept
using the vertical flux approach to incorporate free-positioning feature for
mulfiple loads. This is achieved by using a multilayer planar winding array
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structure. Patent were granted as "Planar Inductive Battery Charger", GB2389720
and GB 2389767,

2004: Eles trodynamic induction used by 90 percent of the USS1 billion ¢lean
room industry for materials handling equipment in semiconductor, LCD and
plasma sereen manufacture.

2005: Prof. Shu Yuen (Ron) Hui and Dr. W.C. Ho of City University of Hong
Kong publish their work in the IEEE Transactions on a planar wireless charging
platform with free-positioning feature. The planar wireless charging pad is able to
charge several loads simultaneously on a flat surface.

2005: Prof Boys' team at The University of Auckland, refines 3-phase IPT
Highway and pick-up systems allowing transmission of power to moving vehicles
in the lab.

2007: A localized charging technique is reported by Dr. Xun Liu and Prof. Ron
Hui for the wireless charging pad with free-positioning feature. With the aid of
the double-layer EM shields enclosing the transmitter and receiver coils, the
localized charging selects the right ransmitter coil so as to minimize flux leakage
and human exposure to radiation.

2007: Using electrodynamic induc tion a physics research group, led by Prof.
Marin Soljacic, at MIT, wirelessly power a 60W li ght bulb with 4004 efficiency at
a 2 metres (6.6 ft) distance with two 60 ¢ m-diameter coils.

2008: Bombardier offers a new wireless power tmnsmission product PRIMOVE,
a system for use on mams and light-rail vehicles.

2008: Industrial designer Thanh Tran, at Brunel University make a wireless lamp
incorporating a high efficiency 3W LED.

2008: Intel reproduces Tesla's origiml 1894 implementation of elec trodynamic
indue fion and Prof. John Boys group's 1988 follow-up experiments by wirelessly
powering a nearby light bulb with 75% efficiency.

2008: Greg Leyh and Mike Kennan of the MNevada Lightning Laboratory publish a
paper on Tesla's disturfed charge of ground and air method of wireless power
transmission with cirenit simulations and fest results showing an etficiency
ereater than can be obined using the electrodynamic induction method.

2009: A Consortium of interested companies called the Wireless Power
Consorfinm announce they are nearing completion for a new industry standard for
low-power inductive charging

2009: Palm (now a division HP) launches the Palm Pre smartphone with the Palm
Toue hstone wireless c harger.

2009: An Ex approved Toreh and Charger aimed at the offshore market is
introduced. This product is developed by Wireless Power & Co mmunication, a
Norway based company.

2009: A simple analytical electrical model of elec rodynamic induction power
transmission is proposed and applied to a wireless power transfer system for
implantable devices.

2009: Lasermotive uses diode laser to win 5900k NASA prize in power beaming,
breaking several world records in power and distance, by transmitting over a
kilowatt more than several hundred meters,
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2009: Sony shows a wireless electrodynamic-induction powerad TV set, 60 W
over 50cm

2010: Haier Group debuts “the world's first” completely wireless LCD television
at CES 2010 based on Prof. Marin Soljacic's follow-up research on Tesla's
electrodynamic induc tion wireless energy transmission method and the Wireless
Home Digital Interface (WHDI).

2010 System On Chip (SoC) group in University of British Columbia develops
an optimization tool for the design of highly efficient wireless power transmission
systems nsing multiple coils. The design is optimized for implantable applications
and power transfer efficiency of 82% is achieved.
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Chapter 8
Satellite Radio

Satellite radio is an analognie or digital radio signal that is relayed through one or more
satellites and thus can be received in a much wider geographical area than terrestrial FM
radio stations, While in Burope many primarily-FM radio stations provide an additional
unenc rypted satellite fead, there are also subseription based digital packages of numerous
channels that do not broadcast terrestriallv, nembly in the US. In Burope, FM radio is
used by many suppliers that use a network of several local FM repeaters to broadeast a
single programme to a large area, usually a whole nation. Many of those have an
additional satellite signal that can be heard in many parts of the continent. In contrast, US
terresirial stations are always local and each of them has a unique programme, albeit they
are sometimes interconnected for syndicated contents; but each local station still carries
its own commercial and news breaks even then. This means that a national distribution of
the contents of original terrestrial stations via satellite makes no real sense in the US,
wheretore satellite radio is used in a different way there. History: Began broadeasting
Tanuary 5, 2001 at 11:17AM Eastern, Tim Me Graw was the first artist ever plaved on
satellite radio. He gave a special welcome infroduction which segued info his song
"Things Change" on Sirius! Mobile services, such as Sirius, XM, and Worldspace, allow
listeners to roam across an entire continent, listening to the same andio programming
anywhere they go. Other services, such as Music Choice or Muzak's satellite-deli vered
content, require a fixed-location receiverand a dish antenna. In all cases, the anfenna
must have a clear view to the satellites. In areas where tall buildings, bridges, or even
parking garages obscure the signal, repeaters can be placed to make the signal available
to listeners.

Radio services are usually provided by commercial ventures and are subscription-based.
The various services are proprietary signals, requiring specialized hardware for decoding
and playbac k. Providers usnally carry a variety of news, weather, sports, and music
channels, with the music channels generally being commercial-free.

In areas with a relatively high population density, it is easier and less expensive to reach
the bulk of the population with terrestrial broadeasts. Thus in the UK and some other
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countries, the contemporary evolution of radio services is focused on Digital Audio
Broadcasting (DAB) services or HD Radio, rather than satellite radio.

Business applications

Satellite radio, particularly in the United States, has become a major provider of

bac kground music to businesses such as hotels, retail chains, and restaurants. Co mpared
to old-line competitors such as Muzak, satellite radio's significantly lower price,
commercial-free channel variety, and more reliable technology make it a very attractive
option. Both North American satellite radio providers offer business subscriptions,
though given the merger of XM Satellite Radio with Sirius, the fumre of XM for
Business is uncertain. Sirius's commercial services are provided nationally by third -party
partiner Applied Media Technologies Corporation.

System design

Satellite radio uses the 2.3 GHz 8 band in North America and generally shares the

1.4 GHz L band with local Digital Audio Broadeasting (DAB) stations elsewhere. It is a
tvpe of direct broadcast satellite and is strong enough that it requires no satellite dish o
receive, Curvature of the earth limits the reach of the signal, but due to the high orbit of
the satellites, two or three are usually sufficient to provide coverage for an entire
continent.

Local repeaters similar fo broadeast translator boosters enable signals to be available even
if the view of the satellite is blocked, for example, by skyscrapers in a large town. Major
mnnels can alse have repeaters. This method alse allows local programming to be
transmitted such as atfic and weather in most major metropolitan areas, as of March
2004,

Each receiver has an Electronic Serial Wumber (ESN) Radio ID to identifv it. When a
unit is activated with a subscription, an authorization code is sent in the digital stream
telling the receiver o allow access to the blocked channels. Most services have at least
one "free fo air” or "in the elear” {ITC) channel as a fest. For example, Sirius uses channel
184, Sirius Weather & Emergency.

Most {if not all) of the systems in use now are proprietary, using difterent codecs for
andio data compression, different modulation techniques, and/or different methods for
encryption and conditional access,

Like other radio services, satellite radio also transmits program-associated data (PAD or

metadata), with the artist and title of each song or program and possibly the name of the
channel.
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Satellite radio vs. other formats

Satellite radio differs from AM or FM radio and digital television radio {or DTR) in the
following ways. The table applies primarily to the United States.

Drigital television

radio (DTR)
Mone for
terrestrial. Very
low for cable or
satellite — DTR
represents a small
portion of the total
monthly television
==}

Radios format  Satellite radis AMTM

Monthly fees 1TUS512.95 and up None

None — a typical
sef consists of a
stereo aftached to
a television set-top
box {the primary
Portability Available Prominent function of the set
top-box is
normally desi gned
for viewing digital
television on an
analogue sef).

Low to moderate —
implementation of FM

Very high —a . .
satellite sienal's service requires modera te
CE to high population
Listening footprint covers = . .
. densities and is thus not  Verv high
availahility millions of . =
y practical in rural and/or
= remote locales; AM
kilometres. :

travels preat distances at
night.

AM: Usually very low,
but can be the highest

Sound guality  Varies® FM: Usually Moderate., Varies®
but can be very high
Variable -
Varietv and Wariable — highly dlE.'pE!lde.'Ilt on
- : dependent upon location and the
depth of Highest . . . .
; economic/demographic  television provider
programming factors - for cable and
satellite,
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dependent on the
various packages

they provide and
on the user's
subscription.
None o low -
MNone to high - dependent on the
mostly dependent provider; however,
on the channels, it is common that
Frequency of some of which some stafions will
programming have DJs; most have Dls. Usunally
interroptions channels are Hielest' no advertisements
(by DJs or advertisement- £ on subscription
commercial free because of services {(Direc TV
advertisingy  the paid and Dish Network
subscription bath claim to
model of satellite provide
radio. advertisement-free
content).
! y Yes for terrestrial .
Governmental .. s i — =iigricant , Faor cable and
Yes governmental regulations :
regulation : satellite, low to
regarding content” nome

* The sound quality with both satellite radio providers and DTR providers varies with
each channel. Some channels have near CD-quality audio, and others use low-bandwidth
andie snitable only for speech. Since only a certain amount of bandwidth is available
within the licenses available, adding more channels means that the quality on some
channels must be reduced. Both the frequenc y response and the dynamic range of satellite
channels can be superior to most, but not all AM or FM radio stations, as most AM and
FM stafions clip the audio peaks to sound louder; even the worst channels are still
superior to most AM radios, but a very few AM tuners are equal to or better than the best
FM or satellite broadeasts when tuned o a local station, even if not capable of stereo. AM
does not suffer from multipath distortion or flutter in a meving vehicle like FM, nor does
it become silent as you go behind a big hill like satellite radio.

3 Some satellite radio services and DTR services act as in sifu repeaters for local AM/FM
stations and thus feature a high frequency of intermuption.

* Nonprofit stations and public radio networks such as CBC/Radio-Canada, NPR., and
PRI-affiliated stations and the BBC are commercial-free, In the US, all stations are
rexqquired to have periodic station identifications and public service annowncements,

¥ In the United States, the FCC regulates technical broadeast spectrum only. Program

content is unregulated. However, the FCC has tried in the past to expand its reach to
regulate content to satellite radio and cable television, and its options are still open o
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attem pt such in the futire. The FOC does issue licenses to both satellite radio providers
(XM and Sirius) and controls who holds these licenses to broadcast.

¢ Degree of content regulation varies by country; however, the majority of industrialized
nations have regulations regarding obscene andlor objectionable content.

Portable Satellite Radio

Partable satellite radios let you listen to satellite radio just about anywhere you go. They
are very similar to standard portable music players, designed for music on the go. These
however, feature built-in antennas that receive the satellite signal, and come with
rechargea ble batteries. In fact, all you have to do is plug in headphones, and you can
easily listen to and carry them around easily, Reception can be tricky however, being
bloe ked by buildings and tall trees, and sometimes by your own body depending you the
way you are facing and how you are carrying it. However, the best reception will be
received outdoors in the open.

United States

In the United States and Canada, one holding company, Sirius XM Radio, operates the
two satellite radio services, after a merger (technically the acquisiion of XM by Sirius) in
Tuly 2008, A monthly fee is charged for both services {as of 2003, Sirius also offersa
one-time fee of nearly S500 valid for the lifetime of the equipment; however, there is a
S70.00 USD fee for switching receiver, and this may be done only three times ever).
Some XM music channels have commercials, while Sirius is commercial-free. Both
services have commercial-free music smtions, as well as talk and news stations, some of
which include commercials. XM uses fixed-location geostationary satellites in two
positions, and Sirius uses three geosynehronous satellites in highly elliptical orbits
passing over North and South America, to transmit the digital streams. The net difference
is that the Sirius signal comes from a higher elevation angle in the northern part of the
1.5, and even more so in Canada. {This higher angle makes Sirius' signal less likely to
drop out on cities, but more likely to drop out in parking garages, gas stations, tunnels,
and other covered spaces.)

Both services are available mainly via portalle receivers in auto mobiles, but both have
many accessories so one can listen at home through a home steren, with a porta ble
boombox, or enline through a personal computer. Both services now have some form of

receiver that is completely portable.

Satellite radio's chief asset is the fact that it is not localized: drivers can receive the same
programming anywhere in the footprint of the service. A stop at any truck stop will
demonstrate the popularity of Sirius XM among long-haul drivers. In addition, both XM
and Sirius carry programming that is simply not feasible on commercial radio stafions.
Specialty stations cover things such as family falk, radio drama, ¢lassical music, and live
evenls,
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The footprint of both Sirius and XM is only the United States (not including Alaska),
Canada, and the upper third of Mexico; it does not cover Hawaii as satellite TV does.

Success so far

Asof Julv 29, 2008 Sirius XM claims over 18.5 million subscribers. One critical factor
for the suceess of satellite radio is the deployment of in-car receivers. Sirius XM has
attem pted to convinee antomakers to equip vehicles with their receiver. As of 2008, the
following manufactirers offer satellite radio as original equipment:

Fard [
. Lincoin  Cadillac
BMW LEEIHII:I Mercary  Chevrod el Tayels VW
MINI Volvo Enick Honds Hyundasi Nissan
Provdder ol - HIE:I'I: il Land Poniise Awurs  Kis Nl bz hi —— Porsche Leus n..hu’lll . Saruki
Rayee o Rover  GMC Scon  Beniley
*F Jaguar Spturm
Mvlaz da saahb
Sirne Yies Yes Yes Mo Mo Yes Yes ¥ '] Yes Yes ']
ol Mo Ma Mo Yes Yes Yes Mo Yes Yes Yes Ma Yes

Sirius has an exclusive confraet for VW and Audi vehicles from 2007 through 2012,
Those brands previously offered both services. GM, Honda and Suzuki are all major
investors in XM; Sirius is not offered as options in their vehicles. Bentley and Rolls-
Rovee come not only with receivers but lifetime subscriptions for Sirius service as well.
XM is featured in select Harlev-Davidson motoreyvele models, while Sirius can be heard
in several brands of recreational vehicles and boats.

One of the challenges for satellite radio has been fo move away from cars and into the
homes of consumers. Several portable satellite radio receivers have been made for this
purpose, XM satellite radio has developed the XM2go line of "Walkman-like" porable
receivers, such as the Delphi MyFi, the Pioneer AirWare and Giant International's Tao,
Polk Audio makes a component-style home XM Reference Tuner and a tabletop
enfertainment system, the I-Sonic, with XM capability. Sirius has developed the
Eenwood Portable Satellite Radio Tuner, Sirius 850, Here2 Anvwhere and the Sirius
Stiletta 100. The Pioneer Inno and Samsung Helix for XM were among the first portable
receivers to offer the ability of recording live content for playback later. Thus allowing
for satellite radio to compete more fully with MP3 players.

While key agreements with automobile manufac turers are still being made, both

com panies have made the leap away from satellite radio only in the car and into the
homes of consumers. One bump in the road to becoming more widely used in the home
was both Sirius and XM running into legal issues in early 2006 with the FCOC about their
internal FM Transmitters. This required Sirius and XM to pull several of their models off
the shelf and fix the problem. The FCC was claiming that the emissions of the internal
FM Transmitters were too powerful and needed to be lowered. With these changes any
customer buying a new satellite radio receiver doesn't achieve nearly the broadcast
distance as the old models. Since this is a key point in the ability to use a satellite radio in
the home (i.e. by faking the signal received and then broadeasting it to multiple points
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throughout the home at the same time and avoid having to bring the satellite radio with
them as they move around the home) it has led many subscribers to use anexternal
Personal FM transmitter fo replace the lower powered internal FM Tramsmiter, Since
these external FM Transmitters are Part 15 compliant they can broadeast the signal
further than the new internal FM Transmitters now included in the satellite radios and
sfill be legal. These external FM transmitters may prevent a slow down in the progress
already made info the home consumer market for Sirius and XM =atellite radio.

Satellite radio technology was inducted info the Space Foundation Space Technology
Hall of Fame in 2002.

Canada

On Movember 1, 2004, the Canadian Radio-television and Telecommunications
Commission {CRTC) began hearing applications for Canada's first satellite radio
operations. Three applications were filed: one by Standard Broadeasting and the CBC in
partnership with Sirius, one by Canadian Satellite Radio in parmership with XM, and one
at the last minute by CHUM Limited and Astral Media.

The first two would use the same systems already set up for the U5, while CHUM?s
application was for a subscription radio serviee delivered through e:usuuummmal
DAB transmitters rather than directly by satellite (although satellites would be used to
deliver programming to the fransmitters). The CHUM service is all-Canadian; the other
two applications propose to offer a mix of Canadian-produced channels and existing
channels from their American parmer services,

A small "grey market" already exists for Sirius and XM receivers in Canada in which a
Canadian would have an American order their receiver and setup.

On June 16, 2005, the CRTC approved all three services,

In its decision, the CRTC required the following conditions from the satellite radio
licensees:

« A minimum of eight channels must be produced in Canada, and for each
Canadian channel, nine foreign channels can ke broadecast.

« Atleast 85% of the content on the Canadian-produced channels { whether musical
or spoken word) must be Canadian.

»  Atleast 25% of the Canadian channels must be French-language stations.

# Atleast 25% of the music aired on the Canadian channels must be new Canadian
Mmusic.

»  Atleast 25% of the music played on the Canadian ¢ hannels must be from up-and-
coming Canadian arfists.

These conditions were an extension of the existing Canadian content rules applicable to
all broadeasters in Canada. The applicants had until 13 November 20035, to notify the

WORLD TECHNOLOGIES




CRTC of their decision. Both companies managed to negotiate the standards a little to
their favor, and in return, they would instead play 50P4 French content as opposed fo
25%,. Also, XM Canada succeeded in gefting an extra five channels of National Hockey
League Play-by-Play onto their platform, without an additional channel ereation, by
agreeing to cover every Canadian team's game during the season.

CHUM appealed the decision, ¢laiming they would not survive if Sirius and XM both
were allowed in the Canadian market, and that the licence conditions regarding Canadian
content imposed on Canadian Satellite Radio and Sirius Canada were too lax. Canadian
Satellite Radio and Sirius Canada countered that CHUM was simply frying to create a

monopoly in the Canadian market,

In late August 2005, Heritage Minister Liza Frulla asked the Federal Cabinet to review
the CRTC decision and possibly send it back to the CRTC for further review. Lobbyists
complained that the CRTC decision did not require enough Canadian content from the
broadeasters. The broadeasters responded by promising to add additional Canadian and

French content.

After vigorous lobbying from both sides, the federal cabinet officially accepted the
CRTC decision on September 10, 2005,

KM satellite radio was launched in Canada on Movember 29, 2005, Sirius followed later
on December 1, 2005, Monthly subscription rates are 512.99 for XM (85 channels) with a
one-time activation fee of $19.99 and %1499 for Sirins with a one-time activation fee of
51999 {100 channels). (All prices are in Canadian dollars.) The CHUM! Asiral service
never laune hed, and its license expired on June 16, 2007,

WORLD TECHNOLOGIES




Chapter 9

Cellular Network

Topotfa cellular radio tower

A cellular network is a radio network distributed over land areas called cells, each
served by at least one fixed-location transceiver known as a cell site or base station.
When joined together these cells provide radio coverage over a wide geopgraphic area.
This enables a large number of portable ransceivers {e.g., mobile phones, pagers, ete.) o
communicate with each other and with fixed transceivers and telephones anywhere in the
network, via base stations, even if some of the transceivers are moving through more than
one cell during ransmission.

Cellular networks offer a number of advantages over alternative solutions:

« increased capacity
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»  reduced power use
# larger coverage area
« reduced interference from other signals

An example of a simple non-telephone cellular system is an old taxi driver's radio system

where the taxi company has several ransmitters based around a city that can
communicate direc tlyv with each taxi.

The concept

M 4
g fas]

Example of frequenc y reuse factor or pattern 1/4

In a cellular radio system, a land area to be suppliad with radio service is divided into
regular shaped cells, which can be hexagonal, square, circular or some other irregular
shapes, although hexagonal cells are conventional. Bach of these cells is assigned
mulfiple frequencies (f, - ) which have corresponding radio base stations. The group of
frequencies can be reused in other cells, provided that the same frequencies are not
reused in adjacent neighboring cells as that would cause co-channel interference.

The increased capacity in a cellular network, compared witha network with a single
transmitter, comes from the fact that the same radio frequency can be reused in a different
area for a completely different ransmission. If there is a single plain ransmitter, only one
transmission can be used on any given frequency. Unformnately, there is inevitably some
level of interference from the signal from the other cells which use the same frequency.
This means that, in a standard FDMA system, there must be at least a one cell gap
between cells which reuse the same frequency.

In the simple case of the faxi company, each radio had a manually operated channel
selector knob to tune to different frequencies. As the drivers moved around, they would
change from channel to channel. The drivers know which frequency covers
approximately what area. When they do not receive a signal from the transmitter, they
will ry other channels until they find one that works. The @xi drivers only speak one ata
time, when invited by the base station operator {in a sense TDMAJ.
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Cell signal encoding

To distinguish signals from several different transmitters, frequency division multiple
access (FDMA) and code division multiple access {CDMA) were developed.

With FDMA , the transmitting and receiving frequencies used in each cell are different
from the frequencies used in each neighbouring cell. In a simple taxi system, the @xi
driver manually tuned to a frequency of a chosen cell to obtain a streng signal and to
avoid interference from signals from other cells.

The principle of CDMA is more complex, but achieves the same result; the distributed
transceivers can select one cell and listen to it.

Other available methods of multiplexing such as polarization division multiple access
(PDMA) and time division mulfiple aceess (TDMA) cannot be used to separate signals
from one cell to the next since the effects of both vary with position and this would make
signal separation practically impossible. Time division multiple access, however, is used
in combination with either FDMA or CDMA in a number of systems to give multiple
channels within the coverage area of a single cell.

Frequency reuse

The key characteristic of a eellular network is the ability fo re-use frequencies to increase
both coverage and capacity. As described above, adjacent cells must utilize ditferent
frequencies, however there is no problem with two cells sufficiently far apart operating
on the same frequency. The elements that defermine frequency reuse are the reuse
distance and the reuse factor.

The reuse distance, D is calenlated as
[} = FEval\.

where R is the cell radius and & is the number of cells per eluster. Cells may vary in
radius in the ranges (1 km to 30 km). The boundaries of the cells can also overlap
between adjacent cells and large cells can be divided into smaller cells

The frequenc y reuse factor is the rate at which the same frequency can be used in the
network. It is J/K {or K according to some books) where K is the number of cells which
cannot use the same frequencies for ransmission. Common values for the frequency
reuse factorare 1/3, /4, /7, 19 and 1/12 {or 3,4, 7,9 and 12 depending on notation).

In case of & sector antennas on the same base station site, each with different direction.,
the base safion site can serve W different sectors. NV is typically 3. A rense pattern of
NAK denotes a further division in frequency among N secfor anfennas persite. Some
current and historical rense patterns are 3/7 (North American AMPS), 64 (Motorola
NAMPS), and 3/4 (GSM).
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If the total available bandwidth is B, each cell can only utilize a number of frequency
channels corresponding to a bandwidth of B/K, and each sector can use a landwidth of
BINK.

Code division multiple ac cess-based systems use a wider frequency band to achieve the
same rate of ransmission as FDMA, but this is compensated for by the ability to use a
frequency reuse factor of 1, for example using a reuse pattern of 1/1. In other words,
adjacent base station sites use the same frequencies, and the different base stations and
users are separated by codes rather than frequencies. While ¥ is shown as 1 in this
example, that does not mean the CDMA cell has only one sector, but rather that the enfire
cell bandwidth is also available to each sector individually.

Depending on the size of the city, a taxi system may not have any frequency-reuse in its
own city, but certainly in other nearby cities, the same frequency can be used. Ina big
city, on the other hand, frequenc y-reuse could certainly be in use.

Recently also ortho gonal frequency-division multiple access based systems such as LTE
are being deployed with a frequency reuse of 1. Since such systems do not spread the
signal across the frequency band, inter-cell radio resource management is important to
coordinates resource allocation between different cell sites and to limit the inter-cell
interference. There are varions means of Inter-cell Interference Coordination (TCTC)
already defined in the standard . Coordinated scheduling, multi-site MIMO or mulfi-site
beam forming are other examples for inter-cell radio resource mana gement that might be
standardized in the future.
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Directional antennas

Cellular telephone frequency reuse patters.

Although the original 2-way-radio cell towers were at the centers of the cells and were
omni-directional, a cellular map can be redrawn with the cellular telephone towers
located at the corners of the hexa gons where three cells converge. Each tower has three
sets of directional antennas aimed in three different dirctions with 120 degrees for each
cell (totaling 360 degrees) and receiving/ransmitting into three different cells at different
frequencies. This provides a minimum of three channels {from three towers) for each cell.
The numbers in the illustration are channel numbers, whic h repeat every 3 cells. Large
cells can be subdivided into smaller cells for high volume areas.

Broadcast messages and paging

Practically every cellular system has some kind of broadeast mechanism. This can be
used directly for distributing information to multiple mobiles, commonly, for example in
mo bile telephony systems, the most important use of broadeast information is to set up
channels for one to one communication between the mobile transceiver and the base
station. This is called paging.
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The details of the process of paging vary somewhat from network to network, but
normally we know a limited num ber of cells where the phone is located (this group of
cells is called a Location Area in the GSM or UMTS system, or Routing Area if a data
packet session is involved). Paging takes place by sending the broadcast message to all of
those cells. Paging messages can be used for information transfer. This happens in
pagers, in CDMA systems for sending SMS messages, and in the UMTS system where it
allows for low dewnlink latency in packet-based connections.

Movement from cell to cell and handover

In a primitive taxi system, when the taxi moved away from a first towerand closer to a
sevond tower, the taxi driver manually switched from one frequency to another as
needed. If a communication was interrupted due to a loss of a signal, the taxi driver askexd
the base stafion operator o repeat the message on a different frequency.

In a cellular system, as the distributed mobile transe eivers move from cell to cell during
an ongoing continuous communication, switching from one cell frequency to a different
cell frequency is done electronically without interm ption and without a base station
operator or manual switeching. This is called the handover or handoff. Tvpically, a new
channel is automaticallv selected for the mobile unit on the new base station which will
serve it The mobile unit then auntomaticallv switches from the current channel to the new
channel and communication continues.

The exact details of the mobile svstem's move from one base station to the other varies
considerably from svstem to svstem.
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Example of a cellular network: the mobile phone network

Ir=cslen = MY TFETH

GSM network architeciure

The most commen example of a cellular network is a mobile phone (cell phone) network.
A mobile phone is a portable telephone which receives or makes calls through a cell site
(base station), or transmitting tower. Radio waves are used to transter signals to and from
the cell phone.

Modern mobile phone networks use cells becanse radio frequencies are a limited, shared
resource. Cell-sites and handsets change frequency under computer control and nse low
power fransmifters so that a limited number of radio frequencies can be simultaneously
nsed by many callers with less interference.

A cellular network is used by the mobile phone operator to achieve both covera ge and
capacity for their subseribers. Large geographic areas are split into smaller cells to avoid
line-of-sight signal loss and to support a large number of active phones in that area. All of
the cell sites are connected to telephone exchanges (or switches) , which in turn connect
to the public telephone network.

In cities, each cell site may have a range of up to approximately '= mile, while in rural

areas, the range could be as much as 5 miles. It is possible that in clear open areas, a user
may receive signals from a cell site 25 miles away.
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Since almost all mobile phones use cellular technology, including GSM, CDMA, and
AMPS {analog), the term "cell phone” is in some regions, notably the US, usad
interchangeably with "mobile phone”. However, satellite phones are mobile phones that
do not communicate directly with a ground-based cellular tower, but may do so indirectly
b way of a satellite.

There are a number of different digital cellular technolo gies, ineluding Global System
for Mobile Communications (GSM), General Packet Radio Service (GPRS), Code
Division Multiple Access (CDMA), Evolution-Data Optimized (EV-DO), Enhanced Data
Rates for GSM Evolution (EDGE), 3GSM, Digital Enhanced Cordless
Telecommunications (DE CT), Digital AMPS (18- 136 TDMA), and Integrated Digital
Enhanced MNetwork (iDEM).

Structure of the mobile phone cellular network
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Structure of a 2G cellular network
A simple view of the cellular mobile-radio network consists of the following:

A nerwork of Radio base stations forming the Base smtion subsystem.

The core circuit switched network for handling voice calls and text

A packet switched network for handling mobile data

The Public switched telephone network fo connect subseribers o the wider
telephony network

WORLD TECHNOLOGIES




This network is the foundation of the GSM system network. There are many functions
thatare performed by this network in order to make sure customers get the desired
service including mobility management, registration, call set up, and handover.

Any phone connects to the network via an RBS in the corresponding cell which in turn
connects to the MSC. The MSC allows the onward connection fo the PSTN. The link
from a phone to the RBS is called an uplink while the other way is termed downlink.

Radio channels effectively use the ransmission medium through the use of the following
multiplexing schemes: frequency division multiplex (FDM), time division multiplex
(TDM), code division multiplex (CDM), and space division multiplex {SDM).
Corresponding to these multiplexing schemes are the following access techniques:
frequency division multiple access (FDMA), time division mulfiple access {TDMA),
code division multiple aceess {CDMA), and space division multiple access (SDMA).

Cellular handover in mobile phone networks

As the phone user moves from ene cell area o another cell whilst a call is in progress, the
mo bile station will searc h for a new channel to attach to in order not to drop the call.
Onee a new channel is found, the network will command the mobile unit to switch to the
new channel and at the same time switch the call onto the new channel.

With CDMA , multiple CDMA handsets share a specific radio channel. The signals are
separated by using a pseudeonoise code (PN code) specific to each phone. As the user
moves from one cell to another, the handset sets up radio links with multiple cell sites (or
sectors of the same site) simultaneously. This is known as "soft handoff” because, unlike
with traditional cellular tec hinology, there is no one defined point where the phone
switches to the new cell.

In 15-95 inter-frequency handovers and older analog systems such as NMT it will
tvpically be impossible to test the farget channel directly while communicating. In this
case other techniques have to be used such as pilot beacons in IS-95. This means that
there is almost always a brief break in the communication while searching for the new
channel followed by the risk of an unexpected return to the old channel.

If there is no ongoing communication or the communication can be interrupted, it is
possible for the mobile unit o spontaneously move from one cell to another and then
nofify the base station with the strongest signal.

Cellular frequency choice in mobile phone networks

The effect of frequency on cell coverage means that different frequencies serve better for
different uses. Low frequencies, such as 450 MHz NMT, serve very well for countryside
coverage, (GSM 900 (900 MHz) is a suitable solufion for light urban coverage. GSM 1800
(1.8 GHz) starts to be limited by structural walls, UMTS, at 2.1 GHz is quite similar in
coverage to GSM 1800,
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Higher frequencies are a disadvantage when it comes to coverage, but it is a decided
advantage when it comes to capacity. Pico cells, covering e.g. one tloor of a building,
become possible, and the same frequency can be used for cells which are practically
nei ghbours.

Cell service area may also vary due to interference from transmitting systems, both
within and around that cell. This is true especially in CDMA based svstems. The receiver
rexqquires a certain signal-to-noise ratio. As the receiver moves away from the transmitter,
the power ransmitted is reduced. As the interference (noise) rises above the received
power from the ransmitter, and the power of the fransmitter cannot be increased any
more, the signal becomes cormpted and eventually unusable. In COMA-based systems,
the effect of interference from other mobile ransmitters in the same cell on coverage area
is very marked and has a special name, eell breahing.

One can see examples of cell coverage by studving some of the coverage maps provided
by real operators on their web sites. In cerfain cases they may mark the site of the
transmitter, in others it can be caleulated by working out the point of strongest coverage.

Coverage comparison of different frequencies

Following table shows the dependency of frequency on coverage area of one cellof a
CDMA 2000 network:

Freguency (MHz) Cell radivs (km) Cell area (km2) Rela tive Cell Co unt

450 489 7521 1
950 269 2260 33
1800 14.0 18 12.2
2100 12.0 449 l6.2
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Chapter 10

Electrical Telegraph

A printing electrical telegraph receiver and a transmitter key at botiom right.

An electrical telegraph is a telegraph that uses electrical signals, nsually conveyed via
telecommunication lines or radio. The elecrromagnetic tele gmph isa device for human-
to-human transmission of coded text messa ges.
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The electrical telegraph, or more commonly just e legraph’, superseded optical
semaphore felegraph systems, such as those designed by Claude Chappe for the French
military, and Friedrich Clemens Gerke for the Prussian military, thus becoming the first
form of electrical telecommunications. In a matter of decades after their creation,
electrical telegraph networks permitted people and commerce to almost imstantly transmit
messages across both continents and oceans, with widespread social and economic

impacts.
History

Early works and messages

Barly Telegraph' historical marker outside Eliza bethtown, Pennsylvania
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From eatly studies of electricity, electrical phenomena were known to travel with great
speed, and many experimenters worked on the application of electricity to
comimunications ata distance.

All the known effects of electricity - such as sparks, electrostatic attrac tion, ¢ hemical
changes, electric shocks, and in later, more advanced studies, elecromagnetism - were
applied by various people to the problems of detecting controlled transmissions of
electricitv at various distances.

In 1746 the French scientist and abbé Jean-Antoine Nollet, gathered about two hundred
mornks into a eirele about a mile (1.6 km) in cireumference, with pieces of iron wire
connecting them. He then discharged a battery of Leyden jars throngh the human chain
and observed that each man reacted at substantally the same time to the electric shock,
showing that the speed of electricity's propagation was very high.

In 1753 an anonymous writer in the Seaps Magas=ine suggested an electrostatic telegraph.
Using one wire for each letter of the alphabet, a message could be transmitted by
connecting the wire terminals in turn to an electrostatic machine, and observing the
deflection of pith balls at the far end. Tele graphs employing elecrostatic atfraction were
the basis of early experiments in electrical telegraphy in Europe, but were abandoned as
being impractical and were never developed into a useful communication system.

In 1800 Alessandro Volta invented the Volmic Pile, allowing for a continuous eurrent of
electricity for experimentation. This became a source of a low-voltage current that could
be used to produce more distinet effects, and which was far less limited than the
momentary discharge of an electrostatic machine, which with Leyden jars were the only
previously known man-made sources of electricity.

Another very early experiment in electrical telegraphy was an electrochemical telegraph
created by the German physician, anatomist and inventor Samuel Thomas von
Sémmering in 1309, based on an earlier, less robust design of 1804 by Catalan polymath
and scientist Francisco Salvd i Campillo. Both their designs employed multiple wires {up
to 35) inorder to visually represent almost all Latin letters and numerals. Thus, messages
could be conveyed electrically up to a few kilometers {in von Sémmering's design), with
each of the felegraph receiver's wires immersed in a separate glass mbe of acid. An
electric current was sequentially applied by the sender through the various wires
representing each digit of a message; at the recipient’s end the currents elec trolysed the
acid in the mbes in sequence, releasing streams of hydrogen bubbles next o each
associated letter or numeral. The telegraph receiver's operator would watch the bubbles
and could then record the transmitted message, albeit ata very low baud rate. The
principal disadvantage to the system was its prohibitive cost, due to having to
manufacture and sring-up the multiple wire circuits it employed, as opposed to the single
wire (with ground return) used by later telegraphs.

In 1816, Francis Ronalds set up a primitive telegraph. He ran eight miles {13 km) of cable
{encased in glass tubing) through his back garden suspending it from two wooden
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lattices. and succeaded in getting an electrical sigal along the full length using static
high volmage electricity. At both ends there were clockwork operated dials with numbers
and letters of the alphabet.

Hans Chiristian Grsted discovered in 1820 that an electric current produces a magnetic
field which will deflect a compass needle. In the same year Johann Schwei gger invented
the galvanometer, with a coil of wire around a compass, which could be used asa
sensitive indicator for an electric cument.

In 1821, André-Marie Ampére suggested that telegraphy could be done by a system of
galvanometers, with one wire per galvanometer to indicate each letter, and said he had
experimented successtully with such a system. In 1824, Peter Barlow said that such a
system only worked fo a distance of about 200 feet (61 m), and so was impracfical.

In 1825 William Smrgeon invented the electromagnet, with a single winding of
uninsulated wire on a piece of varnished iron, which increased the magnetic force
produced by electric current. Joseph Henry improved itin 1828 by placing several
windings of insulated wire around the bar, creating a much more powerful elec troma gnet
which could operate a telegraph through the high resistance of long tele graph wires.

In 1832 an electroma gnetic telegraph was created by Baron Schilling in Russia, and in
1823 Carl Friedrich Gauss and Wilhelm Weber invented their own code to communicate
over a distance of 1200 m within Gittingen, Germany.

Then in 1835 Joseph Henry invented the critical electrical relay, by which a weak current
could operate a powerful local electromagnet over very long distances.

Schilling telegraph

The telegraph invented by Baron Schilling von Canstatt in 1832 had a ransmiftting device
which consisted of a keyboard with 16 black-and-white keys. These served for switching
the electric current. The receiving instrument consisted of six galvanometers with

ma gnetic needles, suspended from the silk threads. Both stations of Shilling's telegraph
were connected by eight wires; six were connec fed with the galvanometers, one served
for the return current and one - for a signal bell. When at the starting station the operator
pressed a key, the corresponding pointer was deflected at the receiving station. Ditferent
positions of black and white flags on different disks gave combinations which
corresponded to the letters or numbers, Pavel Shilling subsequently improved its
apparatis. He reduced the number of connecting wires from 8 to 2.

On Cetober 21, 1832, Sehilling mana ged a short-distance fransmission of signals between
two telegraphs in different rooms of his apartment. In 1836 the Schilling'’s telegraph was
tested ona 5 kin experimental underground - underwater cable, laid around the building
of the main Admiralty in Saint Petersburg. Schilling was also one of the first to put info
practice the idea of the binary system of signal transmission.
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William Fothergill Cooke studied anatomy in Heidelberg in 1834-6, where the physics
professor infroduced him to the Schilling telegraph in 1836,

Gauss-Weber telegraph and Carl Steinheil

Carl Friedrich Gauss, one of the most influential mathematicians of the early 19th
century, developed a new theory of the Barth’s magnetism in 18331, together with the
physics professor Wilhelm Weber in Gittingen. Among the most important inventions of
the fime was the unifilar and bifilar magnetometer, enabling them to measure even the
simallest deflec tions of the neadle. They installed a 1200 m long wire above the town's
roofs, which they were given permission for on 6 May 1833, Gauss combined the
Pogeendortt- Schweigger multiplicator with his ma gnetometer fo build a more sensitive
device, the galvanometer. To change the direction of the electric current, he constructed a
commutator of his own. As a result, he was able to make the distant needle move in the
direction set by the commutator on the other end of the line.

At first, they used the telegraph to coordinate time, but soon they developed other signals;
finally, their own al phabet. It was not binary, but based on four ampliudes of the nesdle.
Ganss was convinesd that this communication would be a help to his kingdom's towns.

Later in the same vear, instead of a Voltaic pile, Gauss used an induc tion pulse, enabling
him to transmit seven letters a minute instead of two. The inventors and university were
too poor to develop the telegraph on their own, but received funding from Alexander von
Humboldt. Carl August Steinheil in Munich was able to build a tele graph network within
the eity in 1835-6, and installed a telegraph line along the first German railroad in 1835

Alterand the Elderton Telegraph

Across the Atlantic, in 1836 an American scientist, Dr. David Alter, invented the first
known American electric telegraph, in Elderton, Pennsylvania, one vear before the Morse
telegraph. Alter demonstrated it o witesses buf never developed the idea info a practical
svstem. He was interviewed later for the book Biographical and Historical Cyelopedia of
Indiana and Armstrong Counties, in which he said: "T may say that there is no connection
at all between the tele graph of Morse and athers and that of myself ... Professor Morse
most probably never heard of me or my Elderton telegraph.”
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Cooke & Wheatstone
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Cooke and Wheatstone's electric tele graph

The first commercial electrical telegraph was co-developed by Sir William Fothergill
Cooke and Charles Wheatstone. Cooke and Wheatstone patented it in May 1837 as an
alarm svstem, and it was first successtully demonstrated on 25 July 1837 between Buston
and Camden Town in London. It entered commercial use on the Great Western Railway
over the 13 miles (21 km) from Paddington station to West Drayton on 9 April 1839,
John Tawell was apprehended following the use of a needle telegraph message from
Slough to Paddington on | January 1845, This is thought to be the first use of the
telegraph to cateh a murderer. The messa ge was:

WORLD TECHNOLOGIES




A MURDER HAS GUST BEEN COMMITTED AT SALT HILL AND THE
SUSPECTED MURDEREER WAS SEEN TO TAKE A FIEST CLASSTICKET TO
LONDON BY THE TRAIN WHICH LEFT SLOUGH AT 742 PM HE ISIN THE
GAREB OF AKWAKER WITH A GREAT COAT ON WHICH REACHES NEARLY
DOWNTOHIS FEET HE 15 IN THE LAST COMPARTMENT OF THE SE COND
CLASS COMPARTMENT

The Cooke-Wheatstone system did not support punctuation, lower case, or the letters J,

), and Z; hence the misspelling of just' and 'Quaker'. "Second class compartment”
should also probably read "second first-class carria ge”; this information was not

significant, however, as Tawell was not arrested at the station, but at a nearby coffes
shop.

Morse telegraphs

In the United States, the telegraph was developed by Samuel Morse and Alfred Vail.
Samuel F. B. Morse independently developed an electrical telegraph in 1836, an

alternative design that was capable of transmitting over long distances using poor quality
wire, His assistant, Alfred Vail developed the Morse code signaling alplabet with Morse.

On & January 1838 Morse first suceessfull v tested the device at the Speedwell Ironworks
near Morristown, New Jersey, and on 8 February he publicly demonstrated it to a
scientific committes at the Franklin Institute in Philadel phia, Pennsylvania.

In 1843 the U.S. Congress appropriated 530,000 to fund an experimental telegraph line
from Washington, D.C. to Baltimore. By 1 May 1844, the line had been completed from
the 1.5, Capitol to Annapolis Junction in Maryland. That day the Whig Party nomina fed
Henry Clav atits national convention in Baltimore, News of the nomination was hand-
carried by railroad to Annapolis Junetion where Vail wired it to Morse in the Capitol. On
24 May 1844, after the line was completed, Morse made the first public demonstration of
his telegraph by sending a message from the Supreme Court Chamber in the U8, Capitol
in Washington, D.C. to the B&D Railroad "outer depot” (now the B&O Railroad
Museum) in Baltimore. The famous messapge was: What harh God wrought (from the
Biblical book of Numbers 23:23: Surely there is no enchantment agninst Jacob, neither is
there any divinaion aginst Ismel: according o this time iy shall be said of Jacol and af
Tsmel, What harh God wrought!.
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The Americas’ first telegram, ransmitted via a repeater: "Whar hath God wrought" sent
kv Samuel F.B. Morse in 1844,

The Morse-Vail telegraph was quickly deploved in the following two decades. Momse
failed to properly eredit Vail for the powerful electromagnets used in his telegraph. The
original Morse design, without the relay or the "intensity” and "quantity” electromagnets
invented by Vail, only worked to a distance of 40 feet (12 m).

WORLD TECHNOLOGIES




The electrical telegraph owned and built by Samuel F. B, Morse

This was a practical electrical telegraph system, and subsequently electrical relesgraph
came to refer to a signaling telegram - a system where an opemtor makes and breaks an
electrical contact with a tele graph key, which results in an andible signal at the other end
produced by a telegraph sounder, which is interpreted and transcribed by a human. Morse
and Vail's first telepraphs used a pen and paper system to record the marks of the Morse
Code, and interpreted the marks visually, but operators soon realized that they could
"read" the clicking of the receiver directly by ear. Systems which automatically read the
signals and print formed characters are generally called teletype rather than telegraph
systems. Some elecrical telegraphs used indicators which were rad visually rather than
b ear. The most notable of these was the early mansatlantic telegraph cable.

According to a Pennsylvania Historical and Museum Commission heritage marker
installed along Pennsylvania Route 230 near Elizabethiown, Pennsylvania in 1947, the
first commereial telegraph line in the United States ran along a railroad ri ght-of-way
(currently part of Amtrak's Keystone Corridor) between Lancaster, Pennsylvania and
Harrisburg, Pennsylvania in 1845, The first message, received on January 8, 1846, was
"Why don't vou write, vou rascals?"

As the ranscontinental telegraph was laid it passed through Nebraska where Republican
sympathizers prior to the American Civil War were eager to gain statehood for Nevada
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before the next presidential election so that Abraham Lincoln would have enough votes
to win. They rushed o send the entire state constitution by telegraph to the United States
Congress, which approved itand sent it to the President for signature. They did not
believe sending it by train would guarantes it would arrive on time. The constitution was
senton 31 October, just eight days before the election on 7 November 1364

On 24 Cetober 1861, the first transcontinental telegraph system was established.
Spanning North America, an existing network in the eastern United States was connected
to the small network in California by a link between Omaha and Carson City via Salt
Lake City. The first telegram on that line was sent by Brigham Young, then governor of
Utah which affirmed that the Territory had not seceded. It read "Utah has not seceded but
is firm for the Constitution and the laws of our once happy couniry." The slower Pony
Express system ceased operation two days later. Carson City has another ¢laim in the
history of telegraphs for the largest and costliest tansmission ever sent came from there.

Transatlantic era
i
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Major tele graph lines in 1891

Transatlaitic era
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19th Century map showing the early telegraph cables which connected
Britain with the rest of the World.

This telegram was sent by Orville Wright in December 1903 from Eity
Hawl, Morth Carolina, following the first successtul aero plane tlight.

The first successtul transatlantic felegraph cable was completed on 27 July 1866,
allowing ransatlantic telegraph communications for the first time. The lasting
connections were achieved by the ship 88 Grear Easiern, captained by SirJames
Anderson. Earlier submarine transatlantic cables installed in 1857 and 1858 operated for
only a few days or weeks before they failed. The study of underwater telegraph cables
accelerated interest in mathematical analysis of these transmission lines.

In 1867, David Brooks {while working for the Cenfral Pacific Railroad) was awarded
U.5. Patent 63,206 and U.S. Patent 69,622 for his improvements to telegra ph insulators,
He was also awarded reissue number 2,717 in 1867, for U.S. Patent 45,221, which had
originally been awarded to him in 1864, for his insulator design. Brooks' patents allowed
the Central Pacific to communicate more easily with construetion erews buildin g the First
Transcontinental Railroad in America; news of the completion of the railroad was
broadcast by elegraph on 10 May 1869, with the telegrapher striking his key in unison
with the strikes on the Golden Spike during the completion ceremony.

Another advancement in telegraph technology occurred on 9 Angust 1892, when Thomas
Edison received a patent for a two-way telegraph (0.5, Patent 0,480,567, "Duplex

Tele graph').
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Global communication

Within 29 vears of its first installation at Buston Station, the tele graph network crossed
the oceans to every continent but Antaretica, making instant global communication
possible for the first time. The tele graph's greatest accomplishment was to expand
information boundaries, allowing data to reach its destination before its usefulness
expired; information like any other goods is only of value for a certain period of time. For
instance, a person making a speculation in stocks requires the current market price; the
old market price is of no value. As long as information fravels at the speed of
transportation vehicles, the distance over which it held its freshness was small. A similar
principle applies to news, so much so that the relationship between information and time
results in the distinguishing news from history. Information about events that were ata
significant distance were reported long after the events occurred, rendering it as history to
the individuals that received it. Thus the telegraph liberated information transfer from
transportation. The impetus of this was war, which created the need of expanding the
telegraph's service. Its etfects were immediate, reducing more than a day off delivery
time.

Mews through newspa pers also evolved due to the telegraph'’s inception. The telegraph
could carry information, but there was a need for someone to obtain information to begin
with. Through the rapid delivery of information created by the telegraph, it was no longer
possible to rely on the delivery of distant newspapers. There was a need for an individual
to gather the news at its distant source and deliver it to the telegraph office. Newspapers
could not use their own reporters as they would obstruet other reporters, jamiming the
telegraph line. The solution was co-operation. In New York for instance, the six major
news papers established an association for forei gn news and a separate one for other
sourees - the first wire service. Ultimately this resulted in the proliferation of news with
com pefition breaking out between the original six papers and other rivals. Thus the
telegraph did not enly ransport news but also played a dominant role in establishing the
industry and the profession of journalism.

Applications

In many instances, applications of the electrical tele graph in the long period between its
invention and demise as a significant carrier of information, were similar to the Internet.
This has prom pted the sobriquet "Victorian Internet” for 19th century telegraphy.
According to the book The Fictorian Intemet, besides news reporting, telegraphy, as the
first true global network, permitted applications such as message routing, social
networking {between Morse operators—with gossiping and even marria ges among
operators being celebrated via tele gmph), instant messaging, cryptography and fext
coding, abbreviated langua ge slang, network security experts, hackers, wire fraud,
mailing lists, spamming, e-commerce, stock exchange minute-by-minute reports (via the
ticker tape machine invented by Thomas Alva BEdison), and many others.
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End of the telegraph era

In the United States, Western Union discontinued all tele gram and commercial messaging
services on 27 January 2006, although it still offered its electronic money transter

SErvVices,
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